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SECTION 
GENERAL 	INTRCDUCTIC.N 
The term "gum" has been applied to a wide range of substances, Including carbo-
hydrates, petroleum procucts, rubbers anc resins. 	The term Is technically employed to 
describe plant polysoccharldes or their derivatives which give viscous mixtures or solutions 
In either hot or cold water. These polysaccharides may be exuded from the stems of plants, 
extracted From seaweeds, leaves and fruits, or may be derivatives of starch and cellulose. 
In this thesis, the term gum" is restricted to those polymeric carbohydrate materials found 
naturally as exudates on the outer surfaces of plants and fruits. 
Most plant families Include some species which exude gums to some extent (' ) . The 
nature of these plants Is quite diverse; to date, gums have been studied from plants as 
varied as the well-known dicotyledon Acacia genus(2),  the cactus Opuntic fulgida the 
(,,) 
monocotyledon Puya genus (4) , the conifer Araucaria genus 	, and the cycod 
Encephalartos genus 	. 	Similarly, the gums investigated to date have shown 
a diversity of composition and structure(hhu12'l3). 
The hydrophilic nature of the exudate gums, and the viscous solutions derived from 
them has resulted In their wide use In Industry (1 11
8 
 14), particularly as thickening and 
emulsifying agents. 	Their application, however, Is largely based on an empirical 
knowledge of the physicochemical nature of gum solutions. 
Despite the large volume of information which has been gathered on the molecular 
structures of plant gum polysoccharldes, little attention on a scientific basis has been 
directed towards the biosynthesis and function of gums in the parent plants. 	As gums 
are unlikely to be translocated In plants (15),  It would appear that they are synthesised 
now the site of exudation. 	Current ideas 
(11) 
 on the function of plant gums include a 
(2) 
response due to a pathological condition of the plant1 
1), 
 insect attack or microblo-
logical damage 	The simplest and most plausible theory is that gum formation serves 
merely to prevent dehydration of the tissues of the plant, particularly after Injury(1 1)• 
Many gum-bearing species are native to dry, climatic regions or the higher and drier 
altitudes of areas of higher precipitation
(17)
As gum Formation is apparently related 
to the ecology of the parent plant, the evolutionary pathways and Inter-relationships of 
plant taxa should perhaps be considered when these problems are tackled. 
In thc past, confusion has occasionally arisen In gum studies because of Incorrect 
Identification of the parent plant. The existence of 'common" names for certain guns 
has aggravated this Issue; the importance of studying only authenticated specimens In 
natural product chemistry cannot be stressed too hi9hly(18). 
In this thesis, Section lii deals with the polysaccharides which have been found In 
the resinous exudates of species of the Araucariagenus. 	The analytical parameters, 
and some structural features, of eleven samples of polysaccharides from six species are 
compared in relation to the taxonomy of the genus, and origin of the samples. 	In 
Section IV.A, a structural study of Acacia campylocantha gum, with particular reference 
to the taxonomy of the Acacia genus, is presented. 	Section lV.B is concerned with 
molecular association In A. campylacantha gum # and the nature of the small amount of 
protein present In the gum is discussed. 
SECTION 	II. 
EXPERIMENTAL METHODS 
( 3 ) 
2. 1) GENERAL METHODS 
V"EICHINGS - All accurate weighings were made within the range of the 
gratkuk scale (range, 0 - 100 mg.) of a Shandon Unirnatic Model Cli single-pan 
balance, having Oti accuracy of t.O.l  mg 
DIALYSES of polysaccharides were carried out in cellophane tubing (Kalle 
Aktiengesellschaft, Wiesbaden) against running tap-water unless otherwise stated. 
When an Ion-free product was required, dialysis was completed again do-Ionised water. 
ELECT RCD'IALYSES of polysaccharides were carried out in a three-compartment 
cell fitted with cellophane membranes; the polysacchortde solution in the middle com-
partment was continuously stirred, and cooled by passage of cold water through a cooling 
coil. 
EVAPORATIONS were carried out on a rotary evaporator at temperatures below 
400 . 
MCISTURE CONTENTS were determined by heating to constant weight at 1050 . 
ASH CCNTENTS were determined by heating to constant weight In a muffle 
furnace at 550 
0 
NITROGEN CC' NTENTS were determined by a semi-micro Kjeldahl methoc. 
EQUIVALENT WEIGHT DETERMINATIONS on electrodlolysed polysaccharide-
were carried out by direct titration with standard 0.01 N sodium hydroxide solution, 
using phenolphthalein Indicator. 
URONIC ACID CONTENTS were determined, after decorboxylation, by a vapour-
phase infrared method 09 , using a spectrometer calibrated for known weights of carbon 
(4) 
dioxide using the sodium carbonate methoc 0 . 	Unless otherwise stated, all values 
for uronic acid content are expressed as the anhydride, and are corrected for moisture 
and protein contents. 
METHCX'YI CCNTENTS were determined by a vapour-phase infrared methJ 20 '2 . 
QUANTITATIVE ESTIMATION OF SUGARS - Sugars were separated on previously 
washed 'Miatmon No. MM papers. 	After elution from the paper, sugars were estimated 
cotouri metrically by the phenol-sulphuric acid method 2 . 	The optical density was rood 
on a Unicorn SP1300 spectrophotometer using filter 2. Calibration curves were constructed 
For known weights of sugars. 
2.2) PHYSICAL METHO1)S 
SPECIFIC ROTATIONS were measured for aqueous solutions (unless otherwise stated), 
using the sodium 1)-line, with a Perkin-Elmer Model 141 Polarimeter, fitted with a 10 cm. 
cell, at 21 t 20C. 
VISCOSITY DETERMINATIONS were carried out In M-sodium choride solution in 
on Ubbelohde suspended level dilution viscometer at 25.00 1 0.01 0C. 	Solutions were 
filtered carefully before additions were mode to the viscometer. 	Flow-times were 
measured to within 0.1 sec. by means of a stop-watch. 	The technique of Isolonic 
dilution was used; a solution of the gum (6.0 ml., 2.5%) was placed In the viscometer 
and the Flow-time measured. 	Flow-times were also obtained for successive dilutions 
with M-sodium chloride solution (three additions of 2 ml. each). 	Since preliminary 
experiments had indicated that any loss of gum from M-sodium chloride on filtering was 
negligible, concentration values were estimated from a knowledge OF the c'ry weight of 
( 5 ) 
gum dissolved in a known volume. 
Assuming the densities of M-sodium chloride and cjum solutions are equal, for 
low concentrations of gum, the viscosity number Vc Is iven by 
9sp 	 t -to 
C 	 Ct0 
where c is the concentration of gum (g./cm 3) and t0 and t are the flow-times In Sec. 
for solvent and solution, respectively. 	Since 	51 /c Is approximately a linear 
function of c, extrapolation oft - t/ct 0 to c = 0 gives the limiting viscosity number 
in which the results of viscosity measurements were expressed. 
LIGHT-SCATTERING MEASUREMENS were carried out at 28.00 1 0.02°C using 
a SOFICA photogoniodiffusometer. 	Unpolarised green light (546 nm) was selected 
from a mercury lamp spectrum by use of a Wratten Kodak N61 filter. 
Known weights (cc 0. 19.) of polysaccharides were dissolved in M-sodlum 
chloride solution (50 ml.). 	Dilutions of 0.75 and 0.50 were carried out; the mole- 
cular weight was calculated as the average for these three solutions. 	Solutions were 
Freed From dust by passage through filters of average pore size O.45 pm and 0.22tm 
(Millipore, Ltd., Bedford, Mass., U.S.A.) using a stainless-steel filter holder attached 
to a 20 ml. syringe. 	Concentrations of polysaccharide solutions were assumed to be 
unaltered by ultrofiltratiorP'. 	Filtrates were passed directly into a 20 ml.cell 
which had been cleaned successively by chromic acid, water, acetone (filtered through 
sintered gloss) and dust-free benzene. 
After equilibration in the Instrument, the Intensity of scattered light at various 
angles between 
300 




from the equation - 
(l 	-1 
sol 
 )sin e = 	 n 	 .•.S.S••••S••••• 	( 1  ) 
i+2O 
where tsoln and l,, are the scale readings for polymer solution and solvent (M-socilum 
chloride) respectively. 	In an ideal solution, the molecular weight, M, is obtained 
from the equation - 
	 6= 1) 
$ 	= 	 2 	2n0 21 	ddcJ 2 
	
{c/IO 	..... (2) 
? R 
where no 	= refractive index of solvent 
n 	= refractive index of solution 
N 	= Avogadro's Number 
wavelength of incident light (546 nm) 
R 	Rayleigh constant of standard benzene (16.3x10 	For 	2 	546 nm) 
c 	= concentration in g./cm 3 . 
= Intensity diffused, selected for standard benzene. 
refractive index Increment. 
W 
The molecular weight can be derived from this equation; an extrapolation method intro-
duced by Zimm (25)  may be used without making any assumptions about the shape of the 
macromolecule. 	In this method, a graph of c/I is plotted against sin  0 /2 + kc where 
k Is an arbitrarily chosen constant to give a legible graph. The data obtained for 
different values of c are extrapolated to give Ec/le J for 	$, c = 0. 	In the 
present investigation, unsymmetrical Zlmm plots were obtained and this method could 
26 not be used 
(7) 
If it Is assumed that in equation (2), molecular weight, M, Is Independent 
of concentration, c then equation (3) is obtained - 
= 	2 7t2fl02 • [dn/J 2 
1 B 	• F_Li 
-- 	 A 4 NF 	 . i6Je=o 
I.e., M 	 R 	 (4) 
27r2  02 • [dn/dc J '• 	 8 
The reciprocal corrected scale reading 1/10 , is plotted against sin' 6/2. Extra-
polation of the linear portion of this graph to 0 = 3 gives a value for 	j/119 0. 
The graphs obtained showed a downward curvature at low angles. This Is thought
(26) 
 
to be caused by scatter from dust particles suspended In solution; although this scatter 
Is indeterminate, It will undoubtedly lead to high values for 
REFRACTIVE tNEX INCREMENTS, dn/dc were determined using a Brice-Phoenix 
Differential Refractometer ( ', for green light (546 nm) at 28 0C. 	The average of three 
determinations, for polysaccharlde concentrations of 2%, 3% and 4%, In M-sodium 
chloride, was taken. 
The Instrument scale readings d 0 one d180 , for positions of the differential cell 
at CP and 1800 , respectively, are obtcInc for solvent an'. solution. This gives - 
- 
The refractive index cifference, An, Is calculated by 
k 6 c' 
where k Is the instrument calibration constant. 
dn/dc, Is then obtained from equation (7) - 
dn 	- k . Ad 
orc—- __ 
... . .. .. . .. 
The refractive Index Increment, 
( 8 ) 
The constant k was determined by application of equation (7) to standard 
sucrose solutions. 
INFRARED SPECTRCSCCI'Y was carried out using a Huger Watts H. 1200 double- 
beam grating spectrometer. 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY was carried out using a 
Perkin Elmer 60 mc/s n • m • r. spectrometer, model R. 10. 
ULTRACENTRIFUGAT IC N was carried out using a Beckman-Spinco Model E 
Analytical Ultracentrifuge. 	Solutions of polysaccharides (0.5% in 0.5 M sodium 
chloride solution) were examined at 44,770 r.p.m. 	After the ultracentrifuge had 
attained this speed, the boundary patterns, obtained by the Schlleren optical system, 
were photographed at Intervals of 16 minutes • 
2, 3) CHEMICAL METHC.E:S 
SMALL-SCALE PC;LYSACCHARICE HYDRC LYSES were carried out with N-sul-
phuric acid for 7,5 hours on a boiling water bath, unless otherwise stated. 	These 
conditions do not cause any extensive hydrolysis of uronosyl linkages in the poly-
saccharides studied in this investigation; this was taken Into account when determining 
proportions of galactose. 	Hydrolysate solutions were neutralised with barium carbonate, 
filtered, delonised with Amberlite IR - 120 (H) resin, and concentrated on a rotary 
evaporator. 
SMALL-SCALE PCLYSACCHARIDE METHYLATIONS 
(a) 	Haworths method (27) 	Methylotlons were carried out In on atmosphere of 
nitrogen at room temperature. 	Cimethyl sulphate (2 ml.) and sodium hydroxide 
( 9 ) 
solution (2 ml., Y") 	w/v 	) were ocded dropwise with stirring to the poiy- 
saccharlde(100-500 mg.) in water (10 ml.) over a period of 1 hour. Acetone (5 ml.) 
was added to the reaction mixture, and six further additions of dimethyl sulphate (12 ml.) 
and sodium hydroxide (17 ml.) were made, allowing 3 hours for each addition. 	After 
stirring for 12 hours, the reaction mixture was heated at 60 ° for 30 mins., while nitrogen 
was bubbled vigorously through the solution. After cooling, the reaction mixture was 
neutralised with 4N-sulphuric acid and made slightly acid (p H 4.0); a white precipitate 
usually formed at this stage. The methylate-6 product was extracted into chloroform 
(4 X 100 ml. extractions) and the extract shaken with saturated sodium chloride solution 
(c.a. 100 ml.). The chloroform layer was separat, dried over anhydrous sodium 
sulphate, and concentrated on a rotary evaporator. The concentrated solution was 
poured into light petroleum (b.p. 60° - 800 , c.a.400 ml.) with stirring; the precipitated 
methylated polysaccharide was isolated, after filtration and drying, as a white amorphous 
powder. 
(b) 	Purdle and Irvin' (29) 
	
The partially methylated product (100 -400 mg.) 
was dissolved In methanol (5 ml.) and methyl Iodide (lOml.). 	Silver oxide (I g.) 
was added in four batches of c.o. 250 mg. every 2*5 hours. The mixture was 
refluxed for 6 hours In the dark in a dry flask fitted with a water condenser and a 
calcium chloride tube. 	The mixture was cooled and filtered through sintered glass 
and the residue extracted six times with hot chloroform (c.a. 50 ml.). Any dissolved 
silver Ions were removed by passing hydrogen sulphide through the combined filtrate 
and extracts. The solution was re-filtered through sintered glass, concentrated to a 
(10 ) 
small volume and poured Into light petroleum (b.p. 60° - 80° , c.a. 400 ml.) with 
stirring. 	The precipitated methylated polysaccharlde was isolated, after filtration 
and drying, as a white amorphous powder. 
METHANOLYSES - Unless otherwise stated, methanolyses were carried out 
under reflux for 12 hours with methanollc 5% hydrogen chloride. 	Solutions were 
cooled, neutraflsed with silver carbonate and filtered. The residue was washed with 
methanol, and any dissolved silver ions were removed by passing hydrogen sulphide 
through the solution. 	After refiltration the solution was reduced to a syrup on the 
rotary evaporator. 
DEMETHYLATIONS (30) were carried out by heating the C- methyl sugar 
(c.a. 5 n.) with hyc!rtodlc acid (1 ml.) in a sealed tube for 5 mins. at 100°C. 	The 
solution was diluted with water and neutralised with silver carbonate; silver ions were 
removed by passing hydrogen sulphide through the solution; after filtration and washing, 
the combined filtrate and washings were concentrated on a rotary evaporator; the syrup 
was examined by paper chromatography. 
PERIODATE OXIDATIONS CF PCLYSACCHARIDES were carried out in the dark 
at room temperature unless otherwise stated. 
(a) 	Consumption of periodate. 	The amount of pertodate consumed by a poly- 
saccharide was estimated by back-titration of excess perlodate. 	Excess potassium 
iodide was added to a portion (1 ml.) of the periodate solution; the iodine liberated 
was titrated, after addition of sodium bicarbonate (c.a. 200 mg.) with standard sodium 
arsenite solution (c.a. 0.05 N) using Thyodene as indicator (31)  
(") (b) 	Formic acid released was estimated Htrlmetrlcally 	. 	Excess periociate was 
destroyed by addition of ethylene glycol. 	Formic acid was titrated with standard 
sodium hydroxide solution (c.a.0 .1 N ) using methyl red as Indicator. 
2.4) CHROMATOGRAPHIC AND ELECTROPHORETIC SEPARATIONS. 
PAPER CHROMATOGRAPHY OF SUGARS was carried out on V4iatman No.1 papers, 
using the following solvent systems (v / v): - 
ethyl acetate, pyridine, water (10 14 : 3) 
benzene, butan-1-ol, pyridine, water (1: 5: 3: 3, upper layer) 
acetic acid, ethyl acetate, Formic acid, water (3: 18: 1: 4) 
buton-1-oI, ethanol, water (4: 1: 5, upper layer) 
ammonia (d. 0.880), butan-2-one, water (1: 200: 17) 
(F) 	acetic acid, buton-2-one, water (1:9: 1, satd. with boric acid) 
butan-1-ol, ethanol, hydrochloric acid (0.1N) (1: 10: 5)(7) 
butan-1 -of , ethanol, phosphoric acid (0. iN) (1: 10: 
5)(7) 
The following spray reagents were used : - 
Aniline oxalate. Reducing sugars were detected by spraying chromatograms 
with a saturated solution Ewater: ethanol, 1: 1 (v / v) ] of aniline oxalate, then 
hcating For c.a. 5 rnins. at 1500. 
p—Aniskinc hydrochloride. 	Rcucing sugars were cfected oy spraying with 
a solution 	[ 3M (w / v), in butan-1-ol J , then heating for c. a. 5 mlns. at 1500 . 
Silver nitrate. 	Reducing sugars and sugar alcàhols were detected by dipping 
chromatograms in a saturated solution of silver nitrate In acetone, prepared by adding 
saturated aqueous sliver nitrate (1 ml.) to acetone (100 ml.), and sufficient water to 
(12 ) 
redissolve the precipitate which formed. After drying, chromatograms were 
sprayed with aqueous ethanolic N-sodium hydroxide [water : ethanol, 1: 9 
Chromatograms were preserved by treatment with 1 	(w / v ) sodium thiosuiphate 
solution and washing with water. 
(4) 	Perioclote-permanganate. 	Reducing sugars and sugar alcohols were detected 
by spraying chromatograms with a mixture of 4 parts of 2% (w / v) sodium metaperlodate 
solution to 1 part (by volume) of 1% (w / v) potassium permanganate in 2% (w / v) 
sodium carbonate solution. After 10 mlns. excess permanganate was removed by 
washing with water. 
values of sugars r'Fr to the distances moved relativ' to that of C-galactose. 
¼ valucs of C-methyl sugars rer to the distances moved relative to that of 
2,3,4,6-tetra-C-methyl-0-glucose. 
GAS-LIQUID PARTITION CHROMATOGRAPHY of mixtures of 0-methyl 
sugors(33 j 34)  was carried out using - 
Chromatograph Type S3A, Fitted with flame Ionisation detectors, supplied by 
Gas Chromatography Ltd., at nitrogen Flow-rates of c.ci. 1 00 ml ./mln. on columns of - 
(I) 	15% by weight of butane-1,4-cliol succinate polyester on 60-70 mesh 
Celite (120 X 0.5 cm.) at 175° . 
(Ii) 15% by weight of ethylene glycol cidpate polyester on 60-70 mesh Celite 
(75 X 0.5 cm.) at 160° . 
Pye Argon Chromctøgraph, at argon flow-rates of c.a. 80 mi./min. on columns 
of - 
(ITT) 3% by weight o nentyl glycol adlpate polyester on Gas Chrom P 
( 13  ) 
(117X 0.5 cm.) at 175° . 
(lv) 15% by weight of butane-1,4-diol succinate polyester on 80-100 mesh 
CelIte (117 X 0.5 cm.) at 185° . 
Retention times (T) are quoted relative to methyl 2,3,4,6 -tetra -O-methyl 
p -D-glucopyranoslde as standard. 
GAS-LIQUID PARTITICN CHRCMATOGRAPHY of mixtures of 0-trimethyl-
silytated sugar alcohols 5 " was carried out using Chromatograph (A), at nitrogen 
flow-rates of c.a. 100 ml ./min. on a column of - 
(v) 3% by weight of SE53 on 60-70 mesh Celite (120 X 0.5 cm.) at 150 ° . 
ION-EXCHANGE CHROMATOGRAPHY ON CIETHYLAMINC ETHYLCELLULCS
(37 
DEAE - cellulose powder (iiatman DE 52, microgranulor form, 10 g.) was treated 
with 0.5 N hydrochloric acid (250 ml.) for 30 minutes. After filtration and washing 
until the filtrate was c.a. pH 4, the exchanger was treated with 0.5N sodium hydroxide 
(250 ml.) for 30 mins. 	After Further filtration and washing until the filtrate was 
neutral, the exchanger was equilibrated In botchwise form with 0.02M acetate buffer 
(pH 4. 1). 	Columns (30 X 1.5 cm.) were pocked using a slurry of exchanger; 	the 
first 2 cm. of the columns were allowed to settle with the column outlets closed. The 
tops of the exchanger beds were stabilised by glass-fibre discs and the columns were 
eluted with buffer (120 ml.). 	Samples (5-10 mg.) of polysaccharides in buffer 
(1 ml.) were washed into thecolumns with excess of buffer; elution of the acidic 
polysaccharides was performec by application of a sodium chloride concentration 
gradient (0 - 0.5 M) in 0.02 M acetate buffer (pH 4.1) giving a total elution volume 
of 300 ml. 	Fractions (2.1 ml.), collected using an automatic collector, were 
(14 ) 
screened by the phenol-sulphuric acid method
(22)
The optical density of each 
fraction was read on a Unicorn SP. 1300 spectrophotometer using filter 2. 
MOLECULAR-SIEVE CHROMAT0GRAPHY'' 40 
 
was carried out on 
columns of 
(I) 	Bio-Gel P300(47 x 4.8 cm., Bb-Rod Laboratories, Richmond, California). 
Bb-Gel A - 	(35 x 1.5 cm., Bio-Rod Laboratories) 
Sepharose 4B (35 x 1.5 cm., and 40 x 2.5 cm., Pharmacla Ltd., Uppsala, 
Sweden) 
Sepharose 2B (35 x 1.5 cm., Pharmacia Ltd.) 
Porasil Type E, 75- 100 mesh (35 x 1.5 cm., Waters Ltd., Stockport, Cheshire) 
Sephadex G-25M (35 x 1.5 cm., and 35 x 2.5 cm., Pharmacba Ltd.) 
M-sodium chloride, containing thymol (0.0005%) as a bocteriostatic agent, was used 
as eluant for (I) to (1,). 	To prevent deformations by "wall-effects", columns were 
pretreated with dichlorodimathylsllane (1, In benzene) at 60° , and oven-dried. 
(I) 	Bb-Gel P300 (30g.) was allowed to swell in M-sodium chloride, with stirring, 
for 24 hours. 	A thin layer of glass beads at the bottom of the column was used to 
support the gel; care was taken to keep the "dead-space" to a minimum. The gel 
slurry was added continuously to the column from a filter funnel (13 cm. diameter); 
the gel slurry In the funnel was stirred while excess of M-sodlum chloride was allowed 
to percolate through the growing gel bed by regulating the flow of liquid from the tap 
at the bottom of the column to a rate of c.a. 0.5 ml./min. 	In order to stabilise the 
soft top surface of the gel bed, 1 cm. layers of "Bb-Gel P200" and "Bio-Gel PlO" 
were applied successively to the column. 	Eluant was allowed to flow through the 
(15 ) 
column for 2 days before use. Each column was checked for evenness of packing 
by observing the passage through It of a band of"blue-dextran 2000 (Phormocla Ltd.). 
Columns were calibrated using dextran fractions (Pharmocla Ltd.) of known number-
average molecular weight,7. 	A graph of elution volume, V 0 , versus log M 
was found to be a straight line over the working range of the gel. 	Columns were 
eluted continuously with M-sodium chloride when not In use. 
Polysaccharides (c.a. 10 mg.) dissolved in 2M-sodium chloride (1 ml.) were 
appLied to the column by careful layering beneath the M-sodium chloride solution. 
Fractions (2.1 ml.) were collected by an automatic collector and screened directly 
using the phenol-sulphuric acid method
(22)
The optical density was rood on a 
Unicorn SP1 300 spectrophotometer using filter 2. 	Collection of fractions was com- 
menced as soon as the polysaccharide had been applied to the top of the column. 
Elution volumes, Vei  were estimated from an elution diagram by extrapolating both 
sides of the solute peak to an apex. 
(Ii) - (Iv) Blo-Gel A-91t, Sepharose 48 and Sepharose 2B were supplied as fully 
hydrated gel beads, In 0.001 M trls-ELDTA buffer or In distilled water. 	Sufficient 
gel, to give column beds of the dimensions quoted, war equilibrated with M-sodium 
chloride containing  thymol as a bacterlostatic agent, in batchwise form, using several 
changes of eluant. 	Columns, supported by a thin layer of glass beads, or by a double 
layer of cotton gauze over a stainless steel mesh disc (figure 2.1) were packed by the 
technique described for (1). The soft top surface of the Sepharose 28 gel bed was 
stablflsed by a 1 cm. layer of Blo-Gel PlO; the Sepharose 48 and Blo-Gel A-5M 
gel beds were sufficiently rigid and did not require stabilisation. 
A 	eluant inlet 
B 	rubber septum 
C 	rubber stopper 
D 	gel bed 
E 	double layer of gauze 
F 	stainless steel mesh disc 
G 	effluent 
IG 
F igure 2.1) 	Cross-section of typical molecular-sieve chromatographic column 
(16) 
Columns were eluted with M-sodium chloride for 2 days before use. 	Poly- 
saccharides, dissolved in 2M-sodium chloride, were applied to the columns, using 
o syringe, through a rubber septum (Figure 2.1); this avoided any Irregularity In the 
flow-rate caused by temporary removal of the pressure-head on the column to apply 
the sample. Best results were obtained by deaerating gels before packing, deaeratlng 
eluant before use, and using Morlotte flasks to ensure a constant pressure-head on 
columns. 
Flow-rates of c.a. 0.5 ml./min. were used for these columns, which were 
used mainly in conjunction with the automated technique described in detail In 
Section IV. 
Porasil Type E (80 g.) was added to M-sodium chloride (400 ml .) the 
suspension was deaerated and packed Into a column, supported by a glass-wool plug, 
by the methoo described In (I). 	Application of polysaccharides was as described 
chloride 
for (II) - (iv), and olution by /-sodium , was carried out at Flow-rates of c.a. 1 ml/mm. 
Sephadex G-25M was allowed to swell in distilled water for 24 hours. 
Columns, supported by glass-wool plugs, were packed directly with a gel slurry. 
Application of polysaccharides was as described for (II) - (Iv); elution was carried 
out using distilled water at flow-rates of c.a. 2.5 ml./min. for the smaller, and 
C.00 4 ml./min. for the larger, columns. 
ZC NE ELECTRC'P-ICFESiS of polysoccharides was carried out on strips 
(IS x 5 cm.) of cellulose ocetatc film (Schleichr on( ' Schuli, Dassel) using a 
ShancJon Universal Electrophoresis Apparatus, Mark II, in conjunction with a 'Vokom" 
Power Unit, Model 2541, capable of providing constant voltage (max. 400 volts) or 
(17) 
constant current. 	0. 1 M-ammonium carbonate buffer (pH 8.9) or 0.1 M-acetate 
buffer (pH 4.7) were used as electrolytes. Electrophoresh was carried out at a 
field strength of 18.8 volts/cm. for 2.5 hours. 	Polysaccharide bands were 
located by a modification of the periodate-rosaniline hydrochloride method 4 : - 
() 	Strips were immersed in ethanol for 5 mins. 
(11) 	Strips were immersed in a solution of sodium metaperiodate [2 1 ) In water: 
ethanol, 1.5:8.5(v/v) for lOmins. 
(Hi) 	Strips were immersed in a solution of reduced rosaniline hydrochloride 
until staining was complete (c.a. 15 mlns.). 	Iodine, from reduced perLdate, 
normally appeared in the strips at this stage, but dissolved in the rasaniline hydro-
chloride solution. 
(Tv) 	Strips were washed Four times In a solution of potassium metobisulphite (lg.) 
In 1N-hydrochloric acid (100 ml.) 
(v) 	Strips were washed in ethanol and dried between sheets of glass. 
Polysaccharides were stained as a dark mauve band on a pale pink background. 
THIN-LAYEP ELECTROPHORESIS OF POLYSACCHARIDES was carried out 
on "Phoraslides" (Millipore, Ltd.) using 0.05 M-ammonium carbonate buffer (pH 8.9) 
and 0.05 M-borata buffer (pH 9.2). 	The following procedure was adopted 
(1) 	Slides (7.5 x 2.5 cm.) were immersed in buffer, blotted and dried in a 
current of air to remove excess moisture. 
(11) 	Polysaccharde solutions (19f in buffer) were applied from a micropipette 
as thin bands 2 cm. from the cathode end of the strip, and dried in a current of air. 
(iii) 	Electrophoresis was carried out in a "Phorcsllde" cell, for 10 mlns., in 
(18 ) 
conjunction with a "Vokam" Power Unit, at field strengths of 50 volts/cm.along 
the strip. 
(iv) 	Polysaccharide bands were located by the periodate-rosanillne hydrochloride 
technique described for cellulose acetate electrophoresis. 
ZONE ELECTROPHORESIS of monosaccharides was carried out on 'Ahatman 
No. 1 • paper In 0.05 M borate buffer (pH 9.2). 
	
Papers were sprayed with the 
periodate-permanganate reagent. 
2. 5) PROTEIN ANALYSIS 
MC'LE'ULAR-SIEVE CHRCMATOGRAPHYoF proteins was carried out an 
columns (35 x 1.5 cm.) of Sephiro.. 4B and Bk-Gel A - SM described in Section 
2. 4. 	Polysaccharlde samples, containing 1 n. protein (calculated from the 
Kjeldahl nitrogen value) dissolved In M-sodium chloride (2.5 ml.) were carefully 
layered on to the surface of the gel bed; columns were eluted with M-.sodium 
chloride. 	Column effluents were screened directly for protein at 254 nm using 
a Uvicord Type 4701A Optical Unit (L.K.B. Ptodukter A.B., Stockholm) and 
automatic drop-counter, connected to a recorder. 
AMINC'ACID ANALYSIS - Samples of polysaccharides, containing 1 - 2 
mg. protein (calculated from the Kjeldahl nitrogen content) were dissolved In 
constant-bailing hydrochloric acid (10 ml., redistilled and stored in the dark) in 
Pyrex tubes. The contents were frozen in liquid nitrogen, the tubes evacuated 
to a pressure of <. 0.1 mm. Hg, and after 5 mins. evacuation, the tubes were 
sealed. 	Hydrolyses were carried out at 105t 0.50 for 74 hours In an oven fitted 
( 19 ) 
with forced ciroulation. 	After hydrolysis, the tubes were frozen and opened. 
The thawed solutions were Altered and concentrated on a rotary evaporator, and 
dried over phosphorus pentoxide. 
The method of Spackman, Stein and Moore( , 	was used for amino acid 
analysis, with a Beckman Model 120 C Amino Acid Analyser. Mixtures of amino 
acids (c.a. 0.75 mg., in 0.5 ml. buffer) were loaded an columns of - 
(I) 	Beckman Custom Research Resin, Type PA-35 (6 x 0.9 cm.) using 0.2M 
citrate buffer, pH 5.2, as eluant, and L-2-amino-3-guanidopropionlc acid 
(44) 
 as 
Internal standard,at 560 . 	This column was used to separate basic amino acids 
and ammonia. 
(U) 	Beckman Spherical Resin, Type UR-30 (50 x 0.9 cm.) using 0.2M citrate 
buffer, pH 3.28, with a buffer change, after the elution of valine, to 0.2M 
citrate, pH 4.30, at 56
0
. 	DL -norleucine' was used as Internal standar, 
and this column was used to separate neutral and acidic amino acids. 
SECTION 	III 
A COMPARATIVE STUDY OF THE GUM 
EXUDATES FRCYh THE GENUS ARAUCARIA 
J U S S I E  
(20) 
3.1) INTRODUCTION 
OBJECT OF THE PRESENT STUDY - Chemical studies and comparisons 
of plant gums have tended, in the past, to reflect an academic Interest; their 
Infrequent application in other sciences has Indicated that such studies should 
preferably be conducted - and reported - on a brooder basis. The opinion has 
been expressed 	that "the days have gone when the reputation of a chemist 
was proportional to the number of structural problems he had solved, lust as that 
of a Bornean head-hunter used to depend on the number of his trophies". Perhaps 
the study of plant guns should now be regarded as a contribution to the clari-
fication of general biological problems. 
W. 
Chemical comparisons and classifications of plant gums have been mod 
on the basis of their ollgo sacchoride structural units, and general types of gum 
structure have been compared with the botanical classification of the parent plant 
at the level of Order and Family
(12)
Certain correlations between the structures 
of Acacia gum polysoccharldes and the botanical divisions of the Acacia genus 
have recently been mode
(2) 
 ; the Few chemical studies made of AlbzTa gum 
polysaccharides indIcate 48 that the analytical parameters of these gums may be 
correlated with the taxonomy of theAlbizia genus. To ascertain whether plant 
gums may prove to be useful taxonomic characters in general, a study of several 
Araucarla gum polysaccharides was undertaken. 
There are some fourteen living Araucarlas, and the genus is divided Into 
three sections 49 , based on the morphological characters, such as lea shape and 

























Figure 3. ) 	 Taxonomy of the genus Araucaria 4 (the taxonomy of theEncephatartos and Welwitschia 
genera is included for comparison). 
COLYMBEA 	EndUcher. 
A .angustifol Ia (Bertoloni) 	0. Kuntze (syn. A.brcsi I iensis 
A. Richard; Parana Pine; Candelabra Tree). 
A.oraucana (Molina) K. Koch (syn. A.imbrkata Pa von; Chile Pine; 
Monkey Puzzle). 
A.bidwillii Hooker (Bunya-bunya). 
INTERMEDIA C. T. White. 
A.klinkii Lauterbach. 
EUTACTA Endlicher. 
A.balansae Brongniart and Grisebach (syn. A.elegans Hart.) 
A.beccarii Warburg (syn. A.cunninghamii Becarril non D. Don); 
A. cunninghamii var. papuana Lout.). 
A.bernieri Buchholz. 
A.biramulata Buchholz. 
A.columnaris (Forster) Hooker (syn. A.cookii R. Brown ex Lindley). 
A.cunninghamii D. Don (Hoop Pine; Moreton Bay Pine). 
A.heterophylla (Salisbury) Franco (syn.A.excelsa (Lambert) 
R. Brown; Norfolk Island Pine). 
A.humboldtensis Buchholz. 
A f muelleri Brongniart and G risebach. 
A.rulei Ferdinandvon Mueller (syn. A.niepratschki Baumann ex Pynoert; 
A.van gaertii Hart. ex Dallimore). 
Figure 3.2) Botanical Division of the genus Aroucaria Jussieu 
(21) 
division of the genus and nomenclature of the species in Figure 3.2. Several 
of the species are well-known by their common names (figure 3.2). A. angusflfolia 
and A. oraucano are endemic In S. America; the remaining species are found in 
Australia, New Guinea, New Coleona, the New Hebrides, and Norfolk Island. 
PHYLOGENY AND CC:MMERCIAL USES CF THE GENUS - The fossil 
record of the Araucaria genus is undoubtedly one of the most widely-known and 
studied; its Importance makes Araucarlo one of the botanIcally-sIgnificant genera. 
Some workers believe that the Plnaceae Family Is the oldest of living conifers, while 
others hold that the Araucariaceas family is the most pimitive 	. The fossil 
record does not present conclusive answers to this question. 	Evidence used to 
substantiate the suggested antiquity of the Araucariaceoe is the presence of wood 
with araucarlan features continuous in an almost unbroken line from the Palaeozoic 
to the present ° . 	Specimens of this wood have been found in most areas of 
the world. The structure of the Fossil secondary wood is similar to that of the 
genera Araucaria and Agathis, although the character of the primary wood is 
somewhat different 51)• 
One of the earliest specimens of araucarlan wood is from the Lower Carbon-
Iferous Period, I.e., 350-400 million years old. 	In the late Carboniferous, 
Permian and Triassic periods, fossil wood and cones very similar to those of living 
species of Araucarlo and Agathk have been found; the Triassic Petrified Forest 
of Arizona, a Famous tourist attraction, consists of scattered Fossil Araucoria 
trunics 2 . 	Petrified cones from a fossil forest in Patagonia, said to be middle 
Triassic, resemble those of the living Araucaria columnaris, and show combined 
(22) 
the chief characteristics of the present Eutocta and Colynbea sections of the 
Araucarla genus (52) 
	
In the Jurassic period, ca. 200 million years ago, 
the ancient Araucarias became more widespread, particularly those similar to the 
present Eutacto species 
(51) 
 in this period, like conifers in general, they hod 
reached a peak of evolution. 	Since the Jurassic period, the Araucarlos have 
gradually become restricted, isolated and extinct(52).  This Is typical of all 
conifers which, although still a conspicuous and Important plant group, are 
decadent and moribund. The fossil record is supported by histological studies; 
the modification in the tracheid cells of the stem of Araucarta heterophylla, 
produced by treatment with auxins, is considered 
(53) 
 to be assoc1ctrd with an 
evolutionary decline of a species. 
The phylogeny of the Araucoria genus implies that it contains some of the 
oldest gum-bearing plants known, and certainly older than any of the gum-bearing 
angiosperm genera. The period of time for which Araucaria species have produced 
gum Is unknown, but fossil specimens of resin from species of the closely-allied 
Agathis genus are known (49) 
Several Araucaria species are important commercially. The woods of 
A. bidwitHi, A.cunnlnghamii, andA.angustifolla provide useful t1m6er 49 , the 
nuts of A.angustlfolia('M  and A.bidwill1l49 are used as foodstuffs, and 
A.araucana and A.heierophylla are popular ornamental plants. The timber of 
Agathis australis is widely used, and its resin Is used in linoleum manufacture 
The c mmercial interest In Araucaria timber has resulted in several studies of 
Araucaria wood. 	The hemicellulose components of A. angusUfoIio55'', 
(23) 
A. arauca na y , and A. heterophylla 9 '60 have been studied. The wood 
of mature trees of A.klinkiI Is unusual In that It contains pink areas, running 
parallel to the grain, which turn vivid green on treatment with hydrochloric acid. 
This striking colour change of the pink areas, which are thought 	to be lignin 
degradation products, is not observed for other Araucaria woods. 
PREVICLIS STUDIES OF ARAUCARIA EXUDATES - The exudates of 
Araucaria species which have been studied are mixtures whose principal compon-
ents are resin and polysaccharide. 	One of the first recorded observations of the 
existence of polysaccharide in anAraucaria exudate was mode 
(62)by 
 Heckel and 
Schlagdenhouffen In 1887. 	The water-soluble fraction of the exudate of 
A.colunricjris had "all the properties of gum", was laevorotatory, and gave mucic 
and oxalic acids with nitric acid. 	In 1889 the some authors reported 
(63) 
 the 
exudation of gum from A.bidwfllii, A.cunninghamil and A.heterophylla; the 
proportions of gum to resin, for the exudates of any one species, were found to 
vary for different trees. 	The gums of A.bldwillii and A.cunninghamii were later 
studied In more detail by Smith and Baker M '6 ; muck acid was obtained from 
both gums with nitric acid, and colour reactions of hydrolysotes of the gums 
suggested the presence of orabinose. 	In 1936, gum, having "glue-like properties", 
was obtair$/ 'rA6R?e exudate of A.angustifolia. The residue of the exudate of 
A.bklwlllii, after steam distillation, was reported 
(69) 
 by Birch, In 1938, to 
(70,71,72) 
contain pentosans. 	The characterisation of terperes from the resin of A.arauccna 
the turpentine fraction of the resin of A.cunninghami1 73 , and the resins of species 
S of the genus Ago-this 	 , has been reported. 	A water-soluble fraction, 
(24) 
presumably polysaccharlde, was obtained 	from the resin of A.aroucna. 
The gum components of the exudate of A.bidwiiiii have received detailed 
attention 	by Aspinall and co-workers. Two samples of gum-resin of Australian 
origin were examined- In one, the polysoccharlde, recovered by precipitation 
into acidified ethanol, had LoLl C + 110 , uronic anhydride I0%,galactose 72%, 
arabinose 13%, and rhamnose 5%. 	Following hydrolysis, the acidic disaccharides 
6-0 -- D -glucopyranosyluronic acld-D-galactose, and 6-C-/2 -(4-C-methyl -0-
giucopyranosylurontc acic*-D-galactose, were charccterIsec, anc chromatographic 
evidence for the disaccharides 6-0-3 -[-galactopyranosyl-D-gaIactose,3-C- - 
D-gaiactopyranosyl -D-galactose, and 3-C-s -L-.arabinopyranosyl -L-arablnose, 
was obtained. 	The methanolysed methylated polysaccharide gave the methyl 
glycosides of 2,3,4-fri-0-methyl rhamnose, 2,3,5-tri- and 2,5--di-0-methyl 
arabinose, 2,3,4,6-tetra, 2,3,4- and 2,4,6-hi-, and 2,4-di-C-methyl galactose, 
and 2,3,4-tn-0-methyl glucuronk acid. The polysaccharlde was subjected to 
two successive Smith degradations- the specific rotation rose from + 11 0 to +260 
after the first, and to +30 0 after the second degradation. 	Rhaniiose and glucu- 
ronic acid were removed in one, and arabinose in two, degradations., The 
methanolysed, methylated, second Smith-degraded product gave the methyl 
glycosides of 2,3,4,6-tetra- (+), 2,3,4- (+) and 2,4,6-tri-(+++) and 2,4-di-0- 
methyl galactose(+). 
The second sample of gum, Isolated by freeze-drying after extraction of 
resin by petroleum-ether, was shown (6)  to contain, In addition to an acidic 
polysaccharide, ca. 3% of a neutral arabinogalactan. 	Partial acid hydrolysis 
(25) 
of the Isolated arabinogalactan yielded trace amounts of the cflsaccharides 3-
and 6-0- p -t)-galactopyranosyl-D-galactose, and 3-0-L-orablnofuranosyl-L- = 	 - 
arabinose. The methanolysed methylated polysaccharide gave the methyl glyco-
sides of 2,3,5-tn-, 2,5- and 3,5-di-0-methyl arabinose, and 2,3,4,6-tetra-0-
methyl galactose, and that of the Smith-degraded polysaccharide gave 3,5-di, and, 
in small amounts, 2,3,5-tn and 2,5-dl-0-methyl arabinose. The conflicting 
evidence of these experiments, regarding the mode of attachment of galactose, 
Indicated that further studies on this polysaccharide were required. 
The acidic polysacchantde component ha [ø&3 -9.5, uronic anhydride 
18%, galactose 59%, arablnose 15%, rhamnose 8%, and xylose (trace amount). 
The methylated polysoccharlde gave the methyl glycoside of 2,3-dl-C)-methyl 
glucuronlc acid, in addition to those methyl glycosides identified in the first 
sample of gum. Acetolysls of the carboxyl-reduced polysaccharide Furnished 
the Following ollgosoecharIdes : - 
i-Rhaa-( 1-4 )-D -G 	L-Rhap-41 -.4)-D-G a-( 1--6)-D -Gal 
D -G! -(1---6)-t-Gal 	4C-e-D-G-(1---*6)-D-Col
M 	 am 
D-Gal -( 1 ,''3)-D-Gal 	DGalE( 1 A 3 ) -O -CalE-(I 43 ) -D -Gal 
D -GOIE-( 1 43)-D-GaI-( 1,L*3)DG a l p ( 1 A.3)-O-C al 
D-Gol-(1--6)-D-Gal 	D-.Gal-(1---*6)-D-GalE-(1 -+6)-D-Gal 
D-GalE-( 1---6)-D -GalE-( 1-3)-D -Gal 
where RhaE  sm rhamnopyranose, G glucose, Gp aglucopyranose, 
4-0-Me-GE, 4-C -methyl glucose, Gale a gclactopyranose, Gal-= galactose. 
The specific rotations of the disaccharides containing (I—P6) - linkages 
—+3GaIp 1 —p3 GaIp 1 —3 Galpi —3 Galpi —43 Gaip 1 —43  Galpi 
6 6 	 6 6 	 6 
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= 	D-glucopyranosyluronic acid 
4-0-methyl D-glucopyranosyluron ic acid 
= 	L-rhamnopyranose 
= 	L-arabinofuranose 1 -+ 
3-0-L -crab inopyranosy I -L -crab inose 1 
Figure 3.3) 
(5) 	 . 
Modified proposed structure for Araucoria bidwillii gum. 
(26) 
Indicated the o. -forrnsi these linkages were thought to arise by acid-catalysed 
anomerisatlon during the acetolysis reaction. 
Both studios give complementary evidence about the molecular structure 
of A.bli4wfl lii gum. 	A diagrammatic representation of one possible structure 
Is depicted in figure 3.3. 	This Is a modification of that originally proposed 5 , 
regarding the mode of attachment of rhamnose, and although the authors propose 
a main chain of (1 --o?)-linked galactopyranose units, the significant proportion 
of 2,4-dI-.0-methyl galactose found in the methylated second Smith-degraded 	' 




A large variation In the specific rotation ant! composition of the two samples 
of A.bldwlllfl studied 5 '6  by Aspinall and co-workers is apparent. 	A specimen 
of this gum from a different geographical source was therefore obtained for com- 
parison. 	In addition, for each of the species A.araucana and A.heterophylla, 
two specimens and, forA.cunnnghamll, three Specimens of gum were obtained in 
an attempt to ascertain whethr the rtent of the variation reported for A.bidwillU 
gum is a general feature of the genus. 	The Aroucarla gunn studied in this section 
are representativeF the three divisions of the parent genus, and the gum poly-
saccharides are studied and compared in terms of these accepted botanical divisions 
of the genus. 
(27) 
3. 2) C rio IN OF GUM SAMPLES 
The sources of the exudates studied are detailed below; with the exception 
of A.orauccna I , all exudates were collected from the bark surface of the trunks. 
A.arouccna I : from a single tree, Camperdown Park, Dundee. 	This large tree, 
which was a magnificent specimen of A.araucona, was uprooted in a gale In 
February, 1968. 	The fallen trunk, sawn into sections to facilitate r.mova , was 
exuding gum-resin round the ends of the sections of trunk In the region of the 
periderm (collected April, 1968). 
A.araucono Ii : from four trees, each smaller than that described above, Royal 
Botanic Gardens, Edinburgh (collected November, 1967). 
A.bk'wlllfl : from a single tree, Kew Gardens, London (collected November, 1967). 
A.colunnaris :from a single tree, Lushoto Arboretum, Tanganyika (collected October, 
1962). 
A.cunningharnU I : from a single tree, Kw Cardens, Loncon (coil ted Novc-mber, 
1967). 
A.cunninghomii II: from a single tree, Longuza, Tanzania (collected March, 1968). 
A.cunnlnghamii Ill : from a single free, growing at an altitude of 3500 ft., Amani, 
Tanzania (colIe ted May, 1968). 
A.heterophylla I : from a single free, Royal Botanic Gardens, Edinburgh (collected 
February, 196). 
A.heterophyllo U 	froi a single tre, Tanga, Tanzania (colleot,x v\arch, 1968). 
A. kIinkH 	from a single free, Longuza, Tanzania (collected May, 1968). 
All exudates were received as nodules contaminated with small amounts of 
(28) 
bark and leaves. 	When freshly collected, the nodules were soft and milky 	in 
appearance; on exposure to air they gradually hardened to clear, glassy masses. 
3.3) EXTRACTICN AND PURIFICATION OF 
POLYSACCHARIDES .  
To remove resin, each of the exudates (5 - 100 g.) was extracted with 
cold ethanol (6 x  ml. portions, where V = 40 x weight of exudate In g.). The 
residual material was dried under vacuum, extracted with cold water (to give 
co. 2% solution) over 30 hours, and the solution filtered, dialysed and freeze-
dried. 	In each case a small proportion of Insoluble material remained; this 
contained bark and dust, but for the A.araucana samples, the insoluble material 
contained some jelly which hindered filtration of the water-soluble fractions. 
The water-Insoluble materials won extracted with sodium borohydride (1%, 
aqueous) 	and the extracts filter-,c', dialysed one Freeze-cried. Generally, 
this fraction comprised ca. 1% of the total extractable material. For A .araucana, 
however, the borohydride fraction comprised ca. 5% of the total material 
extracted; this fraction (denote( A.oraucana Ill) obtained from A.oraucano 
sample II was studied In addition to the water-soluble polysaccharides. 
After Isolation, several of the polysaccharldes, particularly that from 
A.klinkil , gave cloudy aqueous solutions which were not clarified by repeated 
filtration and centrifugation, probably because trace amounts of resin remained 
from the ethanol extractions. 	Such solutions were clarified by passage through 
"Millipore" filter discs (pore-size 1 .2,i&m) before measurements on solutions were 
made. No insoluble material was retained by the filter discs, although they were 
(29) 
TABLE 3.1 
CCMPCSITION OF ARAUCARIA EXUDATES 
Section Species % ethanol- % water- % boro- 
soluble soluble hydride- 
soluble 
A.angust1foUa()  - 58 ° 42 - 
A.angustifoliJ67 
(a) 41 - 
A.araucana I 81 19 (n d. 
Colymbea A.araucana II 71 24 5 
A.bidwlllll 18 82 1 
A.bidwilli6 8(b) 92 - 
A.bidwIllU64 2(c) 98 - 
Intrmedia A.klinkii 39 60 1 
A.colunxiarls 49 51 <1 
A.columnar1s(6) 14(b) 86 - 
A.columnari 64 41 (b) 58 - 
A.cunn1nharnH I 74 25 1 
A.cunnTnhamfl II 80 20 (n,d,) 
A.cunnln9hamll III 37 63 (n,d.) 
Eutacta 
A.cunn1ngharnti63 71 (b) - 
A.cunnTnghatnii63 60(b) 40 - 
A. cunn inghamil(63) 37(b) - 
A.cunn1nghamfl' 92 8 
A.heterophylla I 67 32 <I 
A.heterophylla Ii 82 18 (n.d.) 
A.heterophy lla(63 ) 18(b) 82 - 
Notes: 	 (a) resin + turpentine + water; (b) (ethanol + petroleum - 
ether) soluble; (c) value obtained by difference of the 
weight of gum obtained from the initial weight of gum resin; 
(n.d) not done. 
(30) 
tinged pole brown, and concentrations of polysaccharldes were therefore 
assumed to be unaltered by ultrafiltration. 
The yields of the various fractions, obtained by extraction of the gum-
resins, are shown In table 3. I. 
3. 4) RESULTS 
ANALYTICAL CCMPARISCN OF ARAUCARIA GUMS - The values 
obtained for moisture and nitrogen contents, specific rotation, intrinsic viscosity, 
dn/dc and 	determined by light-scattering are shown in tables 3.2 and 3.3. 
The graphs of viscosity number versus concentration are shown In figure 3.4. 
The Araucaria gums were chromatographed on a previously calibrated 
Blo-Gel P300 column, and the olutfon patterns obtained are shown In figure 3.5. 
In each case, a broad elution peak was obtained; the values quoted for M In 
tables 3.2 and 3.3 correspond to the apex of the main peak. Some of the 
polysaccharides showed a second peak at or near the void volume of the column; 
This value is reported as " -W " (second peak). 	Ultrocentrifugation of the 
polysaccharides yielded, in each case, a single boundary; several of the poly-
saccharides, particularly A.araucona II and A.araucana Ill, gave asymmetric 
boundaries with respect to the leading boundary-edge. Thin-layer electro-
phoresis of the polysaccharides gave comparable migration patterns In ammonium 
carbonate and borate buffers; several of the polysaccharide bands showed 
"tailing" during electrophoresis. 
I 
TABLE 2.2 
ANALYTICAL DATA FOR CCLYMBEA AND INTERMEDIA SPECIES 
Colymbeo Intermedea 
- 	- 
C C - 
O 0 0 = = 	= 
C 
Moisture, % 5.8 7.6 10.7 5.4 - 	- 3.4 
1fic rotation (c=1.0) .1.90 -0.70 411.00 17° + 110 	_9•50 -0.80 
Nitrogen, 	' 0.81 0.91 2.50 0.74 - 	- 0.42 
oteIn,0 'N6.25) 5.1 5,9 16.0 4.7 - - 2.6 
6.8 15.1 24.6 12.6 - 	- 8.7 
dn/dc 0.138 0.144 0.152 0.136 - - 0.145 
b)-102 
811 294 1 1 100 185 - 135 
10 333 49 49 60 49 
n 
TA 	x 10 (2nd peak) - 30) 03 cc. 1 	- 	- - 
n 
UIrantrifuge (boundary (as) (as) (as) (as) - (as) (s) 
shape) 
Electrophoresis 2 2 2 - 
(no. comnents) 
 9c14 teleased 3.85 ?.95 2.20 3.80 - 360 
(m moles/g) 
1odatereduced 8.80 9.18 8.53 8.10 9,03 	- 8.64 
(m moles/g) 
(For notes, set . 32 
(2) 
TABLE 













Moisture,% 10.2 6.8 5.1 5.8 6.1 4.7 
Spec ificrotat1on(c1.0) 6.8° i.cf' -8.8° +0.2° -6.3° -4.8° 
Nitrogen, % 0.28 0.52 0.30 0.27 0.48 0.69 
Proteln,%(%Nx6.25) 1.8 3.3 1.9 1.7 3.1 4,4 
jb)r1nsIcv1scoshy(cm) 10.5 16.5 9.8 7.0 11.4 '13.0 
dn/dc 0.142 0.138 0.135 0.140 0.144 0.138 
(b)_ 
MW 	10" 145 150 173 112 120 190 
x 10 58 57 60 28 76 60 
Vn x 10 (2nd pock) - - ca.120 - - ca.120 
Ultracentrifuge (bq, rncy (s) (s) (as) (s) (s) (as) 
1 1 (t) 





4.05 3.85 4.45 4.65 4.95 4.55 
(b c) 
Oeriodate reiuced 8.65 8.08 910 9.31 10.50 945 
(m moles/9) 
Notes: (as) asymmetric; (s) symmetric; (b) corrected for moisture; (c) corrected for protein; 
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Figure 3.4) 	Viscosity determinations 
Graphs of t-to versus c for Aroucaria polysaccharides. 
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A.araucana I 










Figure 3.5) 	Elution patterns of Araucaria polysaccharides on BioGel P 300 ". 
Periodate oxidations of 1 .5 solutions of polysaccharides were carried out Initially 
In 0.125 M sodium metaperlodate solution. After Ca. 30 hours the solutions turned brown 
in colour due to liberated iodine; this was accompanied by a decrease In the formic acid 
content of the solutions, and was probably due to secondary perlodote oxidation. The 
oxidations were repeated using 0.25 M sodium metaperlodate solution and the above effects 
were not observed. The amounts of formic acid liberated Increased only slightly after 12 
hours oxidation; after 96 hours the formic acid released, and perlodate reduced, were deter-
mined. 
The results of these experiments are shown In tables 3.1 and 3.2. (I am grateful 
to Miss E. Sheddon, B.Sc., for performing some of the analytical determinations on 
A.cunn1nhamll Ill and A.kllnkil gums). 
SEPARATION AND IDENTIFICATIC N OF URONIC ACIDS - 
Several methoc hove been developed For the separation of naturally-occurring hexuronic 
acids; these include electrophoresis 	, Ion-exchange chromatography 	, g. .c. of 
uronic acid derivatives 	, and t.l.c. 	. 	Scveral paper-chromatographic techniques 
have been described 	, but some of the solvent systems involved are unstable to 
storage and either give poor separations of uronic acids, or do not separate glucuronlc and 
galacturonic acids from neutral hexorses. A simple paper-chromatographic procedure 
was developed from the p.1 . c. technique described by Ovodov et. al. 
(8fl;  Whatman No.1 
papers were dipped in a solution of 0.3 M sodium dihydrogen phosphate and air-dried, and 
chromatography was carried out on the treated papers using solvents (g) and (h). Good 
separations of uronic acids and lactones, and of glucose and galactose, were obtained 
after :hrornatoraphy for 20 hours. 	The Rgal  values obtaIn were poorly reproducible, 
(34) 
TABLE 	.4 
SEPARATION OF SUGARS IN SCIVENTS (g) and (Ii). 
Sugar R aol (o) F gal  (h) Colour with 
aniline oxalate 
glucuronlc acid 3.74 0.70 brown 
galacturonic acid ).64 0.56 orange-brown 
mannuronic acid 0.82 0.78 brown 
kuronic acid 0.94 0.87 brown 
4-0-methyl glucuronic acid 1.19 1.18 orange 
glucuronoloctone 1.27 1.27 brown 
rnannuronolab:tone 1.09 1.07 brown 
glucose 1.08 1.11 yellow-brown 
particularly those of the faster-migrating sugars; typical values, obtained from a single 
chromatogram, are quoted in table 3.4, and give some idea of the separations 	d. 
Using the aniline oxalate spray, 4-0-methyl glucuronic acid appeared as a bright orange 
spot and could easily be distinguished from the pink spot of arabinose, which had a similar 
mobility. 
Hydrolysis of samples (50 mg.) of the Araucarfa gums, by 2N sulphuric acid, 
followed by paper-chromatographic examination In solvents (g) and (h), indicated that 
glucuronic acid and its 4-0-methyl analogue were the only uronic acids present. Hydrolysis 
of samples (100 mg) of polysaccharides by I N sulphuric acid, followed by paper-chroma - 
togrophic examination in solvents (a), (b) and (c) Indicated the presence of galactose, 
(35) 
arabinose, rhanwiose, and small amounts of xytose. in acid I tion, chromatographic evidence 
was obtained for the acidic disaccharides 60pgiucopyranosyiuronic acid -D-galoc tose 
and 6-0- 1 -(4-0-methyl-D-gtucopyranosyluronic acid)-D- galactose. The hydrolysates of 
= 
A.ciraucana I and It, andA.cunnlnghomli I, II and Ill guns contained a sugar having a 
mobility greater than that of rhamnose. This component was found to be present In trace 
amounts In the hydrolysates of the other guns when the chromatograms were viewed in ultra-
violet tight. 
ISOLATION OF 3-0-METHYL RHAMNOSE FROM I.CUNNINCHAMft GUM - 
A sample (4 g.) of A.cunnnghamll Ii gum was hydrolysed by IN sulphuric acid for 7.5 hours 
on a boiling water bath. 	After neufrallsatlon (barium carbonate) and de-lonisation 
Amberlite IR-120H resin , the solution was reduced to a syrup and chromatographed 
on thick paper sheets In solvent (b). 	The fast moving component was eluted with water, 
and the filtered solution reduced to a syrup (109 mg.) having 	
[) 
r + 30° (c. 1. 1) (Lit. 
values range from + 270 	to + 39. i0(8 ) which was not distinguishable from authentic 
3-0-methyl rhamncse, from methylated Khaya senegalensis gum on chromatography In 
solvents (a) (R gat 2.62), (b) (2.70) and (c) (4.3), and on zone electrophoresis In borate 
buffer. On spraying, the chromatograms gave a yellow-green colour with p-anlsldtne 
hydrochloride, and a yellow colour with aniline oxalate; this Is characteristic of 
3-0-methyl rhonviose, In contrast to its 2-0-methyl analogue. 	De-0-methylatlon gave 
rhamnose, trace amounts of galactose, and methyl iodide, which was Identified In the vapour 
Phase by Infrared spectroscopy (21). The syrup (35 mg.) was 0-deuterated and the n.m.r. 
spectrum was obtained. This showed a singlet, corresponding to three protons, at 6.58 ?'; 
and a doubIet, with a coupling constant of 6 cycles, corresponding to three protons, 
at 8,69 - 8.78 V 	 These features 
(36) 
TABLE 3.5 






A.araucana I 11 66 14 1 6 2 
A.araucana fi 10 67 14 1 7 1 
A.araucana III 10 49 33 1 7 trace 
kbidwillii 12 62 16 2 8 trace 
(5) 72 (c) 1 0 5(C) - A.bidwillil  10 
A.bidw1ItU 6 18 59 
15(c) 
ho - 
A.kIinkH 11 71 8 2 8 trace 
A.columnorls 10 69 13 1 7 trace 
A.cunnTnghamil I 10 64 13 1 5 7 
A.cunninghamtl II 10 65 13 1 5 6 
A.cunninghamli III 9 69 10 2 6 4 
Ahaterophylla I 10 63 17 2 8 trace 
A.heterophyfla II 11 60 20 2 7 trace 
Notes (a) corrected for moisture and protein; (b) approximate value, based on the 
calibration curve for L-rhomnose; (c) value from that quoted In the literature. 
(37) 
Indicate the presence of one 0-methyl group and a 6-cieoxymethyl group (90). 
The uronic anhydride content, aiic proportions of the component suoars, in the 
Araucada gums,, are shown In table 3.5. 
METHYLATICN CF MAUCARIA GUMS - Somples(ca. 300,.) 
of the gums of A.oraucana II, A.bidwillfl, A.columnaris, A.cunninhamii HI, and 
A.heterophytla II were methylated successively with dimethyl sulphate and methyl iodide. 
The data obtained for the methylated polysaccharldes Is shown in table 3.6. 
TABLE 3.6 
METHYLATION CATA FOR ARAUCARIA GUMS 
Colymbea Eutocto 
C E -CD -€ 
o — 
E o u - • . S S 
Amount of polysaccharide 317 288 270 330 306 
used (mg)  
mount of product (mg.) 252 173 167 224 164 




 -43.2° -38.4° -40.40 
YCMe 29.6 	29.9 41.5 40.2 40.3 
Portions (co .50 mg.) of the methylated polysoecharides were methanolysed and the 
mixtures of 0-methyl sugars examined by g.l .c. using instrument B and columns (111) and 
(Iv). 	The methyl glycosides detected in the Araucarlo polysacchark!es arc shown, 
(38) 
with their retention times, In table 3.7; the approximate relative amounts of these 
glycosides in each polysoccharlde is shown in table 3.8, and the chromotograms 
obtained using column (III) are depicted for comparison In figure 3.6. 
TABLE 3.7 
0-METHYL SUGARS IDENTIFIED IN METHYLATED ARAUCARIA GUMS 




Column (ill) Column (iv) 
0.48 0.49 2,3,44r1-0-methyl rhamnose 
0.51,0.67 0.58,0.74 2,3,5-tri-0-methyt arabinose 
1 .40,(2.55) ° 1 .68,(2.6I) 2,'-i-J)-iiethyl arabinose 
0.87,1.81 1.04,(2.23) 2,:,4i r i, or 3,5-d-J-rethyl arabinose 
I 1.54 2,,4,6-tetra-3-mthyI galcctose 
4.P5 5.19 2,3,4-tri-0-methyl galactose 
3.32,3.63 2,4,64r1-0-methyl galactose 
9.,1:.5 11.3, 12.3 2,4-di-0-methyl galactose 
2. '6,(2.55) (2.26),(2.61) 2, ,4-tri-J-methyl glucuronic acid 
5.72,6.75 6.11,7.25 2,--di-)-methyl glucuronic acid 
1.02,1.22,2.06 1.18 unknown components 
Notes: 	(a) figures In parenthesis Indicate T values of components not completely 
resolved; 
(b) as methyl ester methyl glycoside. 
TABLE 3.8 
EXAMINATION OF METHANCLYSIS PRODUCTS FROM METHYLATED ARAUCARIA GUMS 





2,3,4-tri,or 3,5-di-2inethyl arabinosc 
2, 3,4,6-tetro-O-methyl galactose 
2, 3,4-tri-O-methyl galactose 
2,4,6-tri-0-methyl galactose 
2,4-di-0-rnethyl galactose 
2,3,4-4i1-0-methyl glucuronic acid 
2,3-cU-0--methyl glucuronic add 
Colymbea Eutacta 
- E 
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Figure 3.6) 	g.Lc. chromatograms obtained on column (ill) of methanolysis products 
from methylated Araucaria gums 
(40) 
AMINO ACID ANALYSIS OF ARAUCAIIA GUMS - Portions (containing 
ca. 2 mg. protein) of A.coIuriwarIs and A.araucona II guns were hydrolysed and 
examined for amino acids. Both samples showed two components which were eluted 
on column (11) after the other cr'%Inc acids. 	The major, slower-eluting of these 
components corresponded to D-glucosomlne; the Identity of the other component, 
which was present In trace amounts, was not established. 	Both guns showed several 
components, In small amounts, which were eluted on column (11) before the amino acids 
determined. The are thought to be ninhydrin-positive degradation products of the 
amino acids and sugars which can arise 	on hydrolysis. 	Facilities for study of the 
amino acid compositions of the other Araucarla guns were not available; the results 
obtained are shown in table 3.9. 
(41) 
TABLE 3.9 
AMINO ACID CCMPCSITION CE ARAUCARIA GUM EXUDATES 
A.araucana U A.colurnnarls 
Lysine 14 96 
Histidine C2 14 
Ammonia (a) (a) 
Arglnine 38 87 
Tryptophan (b) (b) 
Aspartic AcId 99 102 
Threonlne 42 56 
Serino 194 155 
Giutamk o:ic' 71 64 
Praline 61 51 
Glyclne 62 78 
Alanine 67 62 
Half Cystina (b) (b) 
Valine 50 49 
Methionlne 8 4 
Isoleuclne 30 36 
Leuclne 83 65 
Tyrosine 31 32 
PhenyIalanTnc 35 34 
Unknown component (b) (b) 
Glucosamlne 13 15 
Amino acid nitrogen 533/ 
5p 
Notes: 	Values are recorded as 	,iu.moles amino acids per 1000 , i.i.moIes total; 
(a) values included only in the total recovery of amino acid nitrogen; 




A considerable period of time elapsed between the First reported observation 162,63)  
of gum exudation From Aroucarlo species and the more detailed attention focussed (5,6) 
on these gums by chemists. 	This Is surprising, particularly as the exudation from conifers 
Is apparently exceptionat 2 . 	The resinous nature of Araucaria gum exudates is thus 
similar to the c:i.xcits of some specks of the family _Umbel lifro 62) . 
The resin :ornponents of the Araucaria exudates were soluble In acetone, benzene, 
chloroform, ethyl acetate, petroleum-ether, and ethanol. The totter was the solvent of 
choice because of its efficiency 
(63)
and miscibility with any water present in the resin, 
facilitating mechanical breakdown of the nodules and dissolution of the resin. The yields 
of ethanol- and water-soluble material shown in table 3.1 are approximate values; the 
weights of the ethanol fractions were determined by subtracting the dry weights of residue, 
after ethanol extraction, from the Initial weights of gum-resin. The latter were un-
corrected for moisture, as heating to 1050  resulted in loss of volatile constituents of the 
resin, In addition to water. 	In addition to resin, the ethanol extracts probably contained 
small amounts of free reducing sugars such as have been observed (6,64) for A.bldwlllil 
gum. 	The relative proportions of gum and resin in the Araucarta exudates Is very 
varied, and for the A.cunninghamli samples, the ratios of gum to resin differed consider- 
ably between samples I, II and ill. 	Heckel and Schlagdenhauffen reported(63)  that 
Araucaria exudates show seasonal variations in composition; Baker and Smith found (65) 
no variation In the proportions of gum to resin for the exudate of A.bIdwIIlH, from single 
trees, collected at various Intervals throughout the year. 	It is possible that the com- 
position of Araucarla exudates may depend on the part of the tree from which the sample 
(43) 
Is removed. 
The specific rotations obtained For the Araucarla guns were similar; the gums from 
A.araucana, A.cunninghamil, and A.heterophyllo, showed variations of 10, 90, and 
I .?, respectively; all are smatter than the 23.50  variation in specific rotation previously 
observed 
(5,6) 
 for A.bkvillIl gum. 	With the exception of A.araucana Ill polysaccharide, 
the limiting viscosity numbers obtained for the Araucorta gums Fell in the range 7 to 17 cm /g.; 
this low range of viscosity Indicates that the molecules are likely to be globular, 
(9) 
rather than rod-shaped " . The similar slopes obtained for the viscosity numberversus 
concentration graphs (figure 3.4) Indicata the molecular shapes to be similar, and any 
Intermolecular attractions to be of the some ordcr. 
The values for iA quoted In tables 3.2 and 2.3 are based on the calibration of a 
"Bk-C el P300" solumn by dextran fractions of known 	This calibration may not be 
strictly valid for other polysaccharldes. 	For the Acacia gum series, however, this basis 
of calibration was found 
(38) 
 to be successful for poiysaccharkes composed of galactose, 
arabinose, rharmose, and uronic acids; the molecular weights Indicated were complement- 
(94) 	 (94,95) 
ary to those obtained by osmometry 	and end-group analysis 	. Since the present 
study of Araucark gum exudates reveals similarities In the composition, structure, and 
physico-chemical nature of Acacia and Araucarlo gums, the destran calibration is con-
sidered to be reasonably valid for Araucaria gums, for which the relatively high ratios 
of 1 	to) indicate a broad range of molecular weight. This is indeed supported by 
molecular-sieve chromatography, where broad elution peaks (figure 35) were obtained, 
and several of the samples studied showed small peaks at, or close to, the void volume of 
the column (denoted 	2nd peak" In tables 3.2 and 3.3). Such samples showed 
(44) 
slightly asymmetric boundaries on ultrocentrifugatlon, and this second higher molecular 
weight component may be responsible for the higher IV w values obtained. Although this 
evidence tends to Indicate the presence of two polysacchartde components, this feature 
was showt' by only ono A.cunningharnii and ono of the A.heterophyfla samples; this Implies 
that either the gums from different trees of these species show gross differences, or the form-
aflon of artefacts occurred during the Isolation, purification and storage of the polysaccharldcs. 
Elution patterns involving two peaks have been given 
(96,97) 
 by column chromatography of 
freeze-dried, purified Acacia gums on "Sepharose 48"; from other evidence, these Acacia 
gums are considered 	to be homogeneous and It is significant that the apparent higher 
molecular weight component was not found when the gums concerned were examined before 
freeze-drying. The possibility of a form of molecular aggregation, of the type discussJ 97 
for Acacia campylacantho gum, occurring during purification and storage of Arnucarlo gums 
cannot, therefore, be overlooked. 	It Is of interest that for A.bidwillii, A.cunnlnghamli II, 
and A.heterophylla II gums, the higher molecular weight component was eluted just within 
the molecular-sieving range of the column. 
The extent and nature of the hterogenefly previously found (6)  for A.bicwH lii gum 
would not be expected to be revealed by the techniques used here. The thin-layer 
electrophoresis experiments Indicated that A.arauccino gum was composed of two acidic 
components (all the other gums examined gave one component) but these components are 
not thought to be related to the two components indicated by molacukir-sleve chromato-
graphy. 	The ratio of the Intensity of the stained bands on electrophoresis was ca. 3 : 2 
(faster-migrating component : slower-migrating component) for all three samples of 
A.araucana, whereas the ratio of the peak areas of the components revealeo by molecular- 
(45) 
sieve chromatography varied between the three samples. This basic differentiation of 
A.oraucano gum from the others studied Is difficult to explain, although the other gums  
examined by electrophoresis, with the exception of A.columnarls gum, gave bands showing 
a slight tendency to "toiling" (tables .2 an(' .). 	This phenomenon, unccr the conditions 
used, was not observed for several AaIa anc Prunus gurr, and although possibly an 
mental artefact, the "tailing" could be due to a second, Incompletely-resolved minor com-
ponent. 	An Interesting Feature is that A.araucana is native to S.Amerlca, whereas the 
other Araucario species studied are native to Australasia 	. The differentiation of 
A.araucana gum may, be due to this geographical endemism, and It would, therefore, be 
desirable to ascertain the electrophoresis patterns given by the gum exudate of A.anpusttfolla, 
the only other Araucarla species native to S.Amerlca. 
The presence of 3-0-methyl rhamnoso as a component of Araucarla gum exudates 
indicates that this comparatively rare sugar may act as a useful chemical marker in Gymno-
sperms. 	3-0-methyl rhamnose has been found In glycosides From the seeds of Acokanthera 
(99) 	 (100) 	 (101) 
frieslorum and A.schlmperi 	; In cardiac glycosides 	; and In specific glycolipids 
(89) 	 (102) 
from Mycobacterium avium 	. In polysacchorides, 3-0-methyl rhanriose was first found 
in small amounts in the extractive-free hemicellulose from the Gymnosperm Picea nigra, and 
It is thought 	to be associated with a mannan component of the hemicetlulose. Other 
reports of Its natural occurrence In polysaccharides appear to have been confined to its 
presence, as a minor component, in the gum exudates from the Gymnosperms Encephalartos 
IateFronsLehm.(f.) 8 , E.longlfolius Lehm. (f•)(9 	and Welwitschia mirobills Hot'.) 
(figure 3.1). 	So Far as can be ascertained, 3-0-methyl rharmose has not been reported 
as a component of gum exudates, or other polysaccharides, From Anglosperms. This study 
(46) 
Indicates that, to date, Gymnosperms have been the only source of 3-0-methyl rhomnose 
of polysoccharkle origin, and that all Gymnosperm gum exudates contain this sugar as a 
component. Although 3-0-methyl rhamnose was not reported as a component of th. 
A.bldwlllU gums previously studied (5
g
6) and "unknown monosaccharide" was Isolated (104)  
In small amounts following acetolysis of the carboxyl-reduced gum. This monosaccharide 
was eluted with water from a cellulose column, following galactose, arabinose, and rhomnose, 
and although its identity was not established, its apparent solubility in water would be con-
sistent with that of 3-0-methyl rharmose. Whether the presence of 3-0-methyl rhamnose 
In polysaccharides will prove to be a general taxonomic characteristic for all Gyninospernn 
must await the results of Further studies. 
Calculation of the ratios of neutral sugars in theArauoria gums assumed that the uronic 
acid residues were attached solely to galactose, since chromatography In solvent (c) showed 
components hay Ing the some mobility as reference specimens of the acidic disaccharides 
6-0- p -D-glucopyranosyluronic acid -D-galactose, and 6-0- P  -(4-0-methyl-D-
glucopyranosyluronic acld)-D-galactose; these acids have been characteised 5 for 
A.bidwlllil gum and, as evidence for other aldobiouronic acids was not found, this 
assumption was presumed to be valid. The possibility of xyiose arising as an artefact 
of hydrolysis and subsequent neutralisation was discounted; a mixture (in approximately 
the proportions found) of galactose, arabinose, rhamnose, glucuronlc acid and 4-0-methyl 
glucuronic acid was subjected to the conditions of hydrolysis used, and no xylose resulted. 
The exact proportions of 4-0-methyl glucuronic acid were not established; methoxyl 
determinations on the purified polysaccharides were attempted, but the infrared spectra 
obtained indicated that methyl (minor) and ethyl iodide (major component) were present, 
(47) 
and the C-i stretching absorption of methyl iodide at 1250 cm.' was Incompletely 
resolved from those of ethyl iodide in (he some region. The ethyl iodide was presumed 
to have arisen from small amounts of ethanol remaining after the ethanol extraction of 
the gum-resins; small samples of gum-resin, when extracted with methanol, did not give 
ethyl iodide on alkoxyl analysis. 
Methylatlon of five gums From different Araucarlo species gave products of similar 
specific rotation and comparable methoxyl content. 	Examination of the methanolysls 
products by 9.1.c. Indicated that the Araucoria gums contolnec the following structural 
units : - 
GoIp 1* 	-3 GaIp 1 - 	--*6 Galp 1— 	-6 Glp 1 - 
Araf 1 - 	 (ArOE 1+ and/or42Arof i-)') 	
It 
G 11 1 - 	-*4 GpA 1 	 Rhap 1 - 	-)3 Aral I - 
where Gaip E gaiactopyronose, Arap a arabinopyranose, Araf arabhofuranosc, 
RhapE rhamnopyranoso, GpA v glucopyranosyluronlc acid. 	The moce of attachment 
of th small amounts of xylose in the Araucaria gums was not established in these experi- 
ents. 	The kentflcatIon of linkages solely by g.l.c. analysis must be regarded as 
tentative; the emphasis on these experiments was on the patterns of 0-methyl sugars 
obtained from the methylated gums. 	However, the 0-methyl sugars Identified in this 
study have been found In previous studies 
(5,6) 
 of A.bldwlllil gum. 	Some of the 
methylated polysaccharldes (figure 3.6), on g.l.c. examination, gave abnormally 
large peaks for the slower-eluting anorner of 2,4,6-trl-0-methyl galactose, on columns(iii) 
and (Tv), and, on column (iii), an abnormally large peak corresponding to the faster-
eluting anomer of trimethyl glucuronic acid. This suggests the presence of unresolved 
(48) 
components, including 2,3,6-tri-0-methyl gatatosP T = 2.38, 3.00, 3.29, 
column (iii); 2.61, 3.29, 3.52, column (iv) ] which could arise through under-
mothylatlon at th. axial 4-position of terminal, non-reducing galactopyrciose. This 
view is substantiated for methylated A.columnctris gum, where the pecks corresponding 
to trimethyl glucuronic acid can be taken to have been little affected by the very small 
amounts of dimethyl arabinoses found. 	in this ease, on column (iii), the larger hi- 
methyl glucuronic acid peak corresponded to the faster-eluting anomer; on column (iv) 
the larger peak corresponded to the slower-eluting anomer. This explanation of the dis- 
tortion of these peaks Is consistent with the retention times of 2,3,6-tri-0-methyl galactose 
on both columns. 
The methylated Araucarici gums gave similar mixtures of 0-methyl sugars on methan-
olysis (figure 3.6); the relatively large amounts of terminal non-reducing residues and 
2,4-di-0-methyl galactose Indicate that these gums have highly-branched structures. The 
only perlodate-labile, non-terminal units in the Araucarla gums were obtained from the 
methylated products as 2,3,4-tri-O-mcthyl galactose and 2,3-di-0-methyl glucuronic acid, 
which were present in relatively small amounts; the high release of formic acid and reduction 
of perlodate on oxidation of the Araucarla gums Is therefore in agreement with highly-
branched structures. The methylated gums of the two Colymbec species were found to 
be similar; those of A.columnarls and A.cunnlnghamii Ill , of the Eutacta group were 
similar, and differed from those of the Colyrthea group in having smaller amounts of 
2,3,4-h'i-0-methyl galactose and 3,5-dI-0- methyl arabinose. 	Methylated A.haterophylla 
U gum was similar to those of the Colymbea group, having relatively large amounts of 
these O-methyl sugars. 	The relatively large amounts of 2,3,4-tr-0-methyl rhomnose 
(49) 
found in methylated A.cunninghamii Ill gum may suggest the occurrence of 
3-0-methyl rhamnose in a terminal non-reducing position in this gum. 	No general 
differences on a taxonomic basis were found for the methylated polysaccharides. 
The amino acid compositions of A.oraucana II and A.columnarls gums were 
similar, the main differences being in the relative amounts of histidine and arginine. 
Tryptophan and cystine were not determined due to the modification and degratlon of 
these amino acids, particularly the former, during hydrolysis. The total recoveries of 
amino acids are lower than the expected recoveries from normal proteins; this may be 
due to the degradation of amino acids which is known 1) to occur during hydrolysis in 
the presence of carbohydrates. This view is supported by the recoveries of ammonia, 
which, for both gums, was considerably greater, on a molar basis, than the combined 
recoveries of asportic and glutamic acids. 	The results must therefore be regarded with 
caution, although the similar total recoveries of amino acids From both gums is considered 
to justify the comparisons made. The wide variation in the proportions of different amino 
acids, and in particular the high specificity for serine, which Is unusual in proteins, 
suggests that the polypeptide fractions of these Araucaria gums are unlikely to be heter-
ogeneous to any large extent, as this would lead to a levelling of the proportions of 
different amino acids. 	The polypeptide components of Acacia camlacantha 
and Combretum psidloldes guns 
(105) 
 contain large amounts of serine, and there are 
similarities in the proportions of several other amino acids. 
One of the interesting features of the amino acid analyses was the tentative 
Identification of glucosamine. 	It Is not known whether this sugar is port of the carbo- 
hydrate, or polypeptide, components of the gums; the recoveries of glucosomine appear 
to be too low for a linkage to polysaccharide. 	In minimum amount, i.e., one residue 
(50) 
per polysaccharide molecule, 17 values of Ca. 300,000 and 7901WO (calculated on 
the basis of the recoveries of glucosamine) For A.araucano II and A.columnaris gums, 
respectively, would be necessary. To account For the An  values obtained by molecular-
save chromatography, glucosomine would have to have undergone 83% destruction for 
A.aroucano II gum and 92% for A.columnaris gum. 	The destruction of glucosamlne 
by the hydrolysis conditions used would be expected to be severe; in a previous study, 
Nolan and Smith oserveJ 1 	47% loss of glucosamlne in 6 N hydrochloric acid after 
12 hours at 97-100° In the presence of amino acids and other monosaccharides. This figure 
Implies a destruction of glucosamine of ca . 8 	under the hydrolysis conditions used in this 
study, and the linkage of glucosamine through the polysaccharlde component of the gum 
exudate Is not, therefore, discounted. 
The gum exudates from different species of Angiosperm genera, e.g.,Acaclo (2,107,108) 
Albizi 	and Punus ' 	' 	frequently vary quite widely In terms of composition, 
structure and molecular properties. The gums of the Araucarla species studied here are, 
In comparison, much more closely alike in terms of their analytical parameters, and the 
linkages of their component sugars. 	It Is particularly interesting that the specimens of 
A.heterophylla gum from Edinburgh and From Tanzania should be so closely alike; the some 
holds for the specimens of A.cunninghamii gum from Kew and Tanzania, and the two 
A.oraucana samples. The main exception to this concerns the two Australian samples 
of A.bclwillii gum previously studiJ 5 '6 . The analytical parameters and mathylation 
data for the A.bldwillli gum sample studied here are Intermediate between those of the 
above specimens. The most striking differences observed were those between the poly-
saccharides A.araucana II and A.oraucana Ill. The large difference observed in molecular 
(51) 
weight Is In agreement with the effect Found 	previously for Acacia drepanoloblum gum, 
where the water-soluble and borohydride-solubilised guns were shown to be otherwise 
similar. However, the water-Insoluble gel of Acacia pycnontha gum has been shown 1 12) 
to have a nitrogen content three times that of the water-soluble gum, and the gel appeared 
to have a higher uronic acid content. The precise reasons for the effective solublflsotion 
of water-insoluble plant guns by borohycirlde are unknown. The differences In the proportions 
of arabinose and galactose In A.araucona II and Ill gums suggath that the polydispersity of 
the two fractions Is not the same, and the possibility of polysaccharide extraction by boro-
hydride of bark and other debris present in the water-Insoluble material is not excluded. 
Alternatively, A.araucana gum could show an abnormal degree of heteropoIymoleculari$ 94 . 
It is of Interest that for Acacia senegal gum , the higher molecular weight fractions obtainc 
by sodium sulphate fractionation show higher arabinose to galactose ratios than those of the 
lower molecular weight material. The true molecular weight of the gel from A araucana II 
gum may be considerably higher than that indicated by the experiments Involving the boro-
hydride-solubilised gel; the Insolubility of the gel may be caused by factors involving its 
high molecular weight and hetaropolymoleculor nature, and aggregation, possibly by the 
large amounts of protein found In A.oraucana Ill gum. 	Insufficient material was obtained 
from the otherAraucaib species after borohydride extraction for detailed study, but the 
nitrogen contents and specific rotations of several were determined. The borohydride- 
solubfllsed materials of A.bidwillii (found : %N 1.43; toJ c + 9.0°), A.columnaris 
(% N 1. 13, 	LoJ 	+ 7.3°), A.cunninghamli I (% N 1.39, + 11.0°) and 
Aklinkii (V N 1.82 1 	[og] + 17.39) therefore appear to differ from the water-soluble 
gums to a similar c4'otjree as that of A.oraucana 11. 
(52) 
At the level of the experiments performed in this study, theAraucaria gums appear 
to form a Family of closely-related polysoccharides, and from a chemotoxonomic point of 
view, there are no apparent large differences between the gums from species In different 
s.ctions of the genus. Morphologically, the species are quite distinct, and whether 
any correlation exists between the phylogeny of the genus and the similarity of the gums 
produced is unknown. In chemotaxonomic studies, several different plants of the same 
species, if possible grown under different conditions, should be examined (4 xa eI  to allow for 
the effects of soil conditions, or seasonal or climatic factors. 	Although none of the gums 
examined in this study were collected from trees growing In their native habitats, the 
similarity between the samples of A.cunnlnghamit gum, and those from A.heterophylta, 
which originated in trees growing In different environments, and the similarities between 
A.bidwillli gum and the previously -stud ied' 6  samples, suggests that the habitat of the 
tree does not Influence, to any extent, the nature of the exuded gum. 	The position is 
reminiscent of that of the turpentine fractions of resins exuded by Pinus species 	; the 
variation in chemical composition of the turpentine between different trees of the some 
species Is greater than that of the seasonal variation for one tree, anc the composition 
does not vary when pines are removed From their native habitats. The composition of 
the turpentine Is not always correlated with the taxonomic position of a pine, although 
similarities between the turpentines of pines native to W.America and Asia, and E.Amerlca 
and Europe, support the palaeobotanical evidence For the evolutionary migration of certain 
Pinus species. 
Most conifer resins are exuded as clear fluids which harden to opaque, brittle masses; 
the Araucaria resins are exuded as milky fluids which harden on exposure to air to clear, 
(53) 
glassy nodules. This basic difference may be useful In ascertaining the extent to which 
gums occur in resinous exudates. Amongst conifers, the exudation of gum byAraucaras 
Is unusual 
(92) 
 however, the possibility of other Conifer genera containing gum-bearing 
species exists, and one of the first which should be considered Is the closely-allied Agathis 
genus (figure . 1). 	A specimen of A9athIs australis, growing at the Royal Botanic 
Gardens, Edinburgh, was observed to exude small amounts of resin having a milky appear- 
ance like that of Araucarla species. 	The resin from Agathis robusta was reported 
to contain 2.5% gum which gave muck acid on boiling with nitric ack. 	In view of these 
observations, It may be found that gum exudation Is a feature of the Araucariaceae family, 
rather than solely the Araucarla genus. 
A study of the anatomy ofAraucaria wood has indicated 
(63) 
 that the formation of 
resin Is similar to other conifers 14,15) 
	
Resin ducts arise as schizogenous intercellular 
spaces by separation of resin-producing parenchyma cells from each other. These cells, 
which constitute the lining, i.e., epithelium, of the resin duct, excrete the resin into 
the duct. 	Eventually, a resin duct may become closed by the enlarging apithellal cells, 
which cease to produce resin. 	At this point, in most conifers, there is no further activity, 
but In the Araucaria species, the enlarged epithelial cells undergo gummosis 63 , and the 
gum which Is formed blends with the previously excreted resin. The extent to which 
gummosis has occurred will determine the proportion of gum in the resin, and this may 
explain the large variation in composition of the gum-resin for different samples from the 
same species (table 3. fl. 	The function of gum-resin exudation in the Aroucaria genus 
Is unknown; conifer resins are though to be end-products of plant metabolism, and once 
formed, cannot be used again by the organ;sm(hhl. 	The resin ducts Into which they 
(54) 
(fl4) 
are excreted are traumatic structures which can be induced by a wide variety of phenomena 
and experiments 5hoJ 1 	that the largest number of resin ducts Is produced when the 
cambium of the Injured trunk or branch Is intensely active. 	Observation of the trees of 
A.araucona growing at the Royal Botanic Gardens, Edinburgh, over a period of two years, 
did not reveal any seasonal variations In the amounts of gum-resin produced. Greater 
exudation was found after periods of high wind, but it is thought that this was due to 
mechanical fissuring of the bark caused by the stresses Induced In the trunks. The form-
ation and simultaneous exudation of gum and resin by the Aroucorlas may be a process of 
convenience rather than due to an association of functions; only a more detailed knowledge 
of the biosynthesis and functions of gums and resins can present answers to these questions. 
This study indicates that no large defined differences, on a chemotaxonomic basis, 
are shown by the Araucarla_gums, and that correlations between the composition and structure 
of plant gums and the taxonomy of the parent genera are not therefore always to be expected. 
However, the characterisation of 3-0-methyl rhanruose In the Araucarla gums, and the 
realisation of the occurrence of this sugar In polysaccharides from Gymnosperms, does 
support the view that the botany of gum-bearing plants should be an important consideration 
In all studies conducted an these materials. 
SECTI('N 	IV 
At I 	CAMPYLACANTHA GUM I' 
(55) 
IVIA 	A STRUCTURAL STUDY CF ALCACIA CA!APYLACANTHA 
HOCHST GUM 
4.1) INTRODUCTION 
The gum exudates of plants of the genus Acacia are probably the best-known and 
most widely studied by chemists active in the field of gum research. The Acacia genus 
Is very large and still provides many complex botanical problems of nomenclature and 
classification; the exact number of species is not known with certainty, but Hutchinson 
has recently suggestecc1 
16) 
 900. The genus Is widely distributed, being found throughout 
tropical and semitropical parts of the world. 
Studies of Acacia gum exudates have been Carried out since the last century and 
' 1modern'1  work dates largely from that of Smith (h17121)on gum arabic. The gum exudates 
studied have been shown to be composed of D-galactose, L-arabinose, L-rhamnose, D-
glucuronic acid and (where appropriate analyses have been mode) 4-0- methyl-D-glucuronlc 
acid; the proportions of these component sugars vary widely between gums of different 
species. 	Chemical data for the gum exudates of thirty Acacia species are now available, 
and the taxonomic significance of these studies has recently been reviewed(2). 	The 
experimental techniques used in these studies include hydrolysis using various strengths 
of acid; methylation analysis; modification of the polysaccharide structures by carboxyl-
reduction; degradation by periodate oxidation, and study of the various products obtained. 
As in most fields of natural product chemistry, one of the most important problems is recover-
ing the gum in an undegradad state of purity suitable for study; most of the Acacia gum 
exudates studied are fairly soluble In water, and this facilitates purification without the 
use of solubilising agents such as alkali which might otherwise alter the polysaccharide 
(56) 
structures. 
The Acacia gum exudates appear to be of a homogeneous nature when authenticated, 
single-nodule specimens of gum are examined. 	Fractionation studies using ion-exchange 
chromatography
37,122-124) 
 , sodium sulph 	 alcohol ("8) ate
(94) 
 and  	 precipitation, electro- 
phoresis 
	 (126) 
	 and ultrafiltration 	indicate the gums examined to be homogeneous, 
heteropolymolecular polysaccharldes. 	The results of different electrophoresis studies are 
at variance; Lewis and Smith reported ( 	A.arablcum , A.pycnantha, Asenegal and 
A .seyal gums to show more than one component on electrophoresis on glass-fibre paper in 
2N sodium hydroxide, and Aspinall, Hirst and Nicolson found 
(127) 
 that one sample of 
Apycnantha gum gave two components on electrophoresis on glass-fibre paper In 2N 
potassium hydroxide. However, Stoddart found (98) these gums to be homogeneous on 
electrophoresis on cellulose acetate film In various buffers. 	In addition, an immunological 
study has Indicated (128) that Asenegal gum may be polydisperse. It Is evident that the 
criteria of homogeneity for gums should be carefully chosen and that several fractionation 
techniques should be applied in any detailed study on these materials In order that a broad 
spectrum of Information on their molecular nature is obtained. 
On the basis of habit, inflorescence and geographical distribution, the Acacia genus 
has been divided Into six Series and fifteen Sub-series by Bentham 1 , and into Sections 
and Sub-sections by Taubert 130 . 	The most detailed studies have been mode on gums 
derived from Acacia species from Series 4 (Gummiferoe) and Series 5 (Vulgares) of Bentham's 
divisIons(1). 	The gums from Series 4 species appear to be more complex than those of 
Series 5 and a comparison of the available 
data(2) 
 on these gums Is shown In Table 4.1. 
Of Series 5, the gums from A.senegaI 76 ' 94 and A.Iaeta 1 " 1 have been studied 
(57) 
TABLE 4.1 
COMPARISON OF ACACIA GUM EXUDATES OM SPECIES IN SERIES 4 and 5(2) 
Properties Series 4 Series 5 
Sign of speifk rotation Positive Negative 
Ratio of rhamnose content Less than unity Unity 
to uronic acid content 
Aldoblouronic acids 6-0- A -D-GA-1-Cal 6-3- F -D-GA-D-Gal 
ykided on hydrolysis 6-0-P -(4-Me-D-GA)-D -Gal 6-0-p-(4-Me-DGA)-D-Gal 
4-3- 	-D-GA-D -Gal 
4-0- 	-(4-Me-D-GA)-D-Gal 
Neutral disaccharides 3-0-p -I-Galp -0-Gal 3-2- 	-C) -Galp-D-GaI 
obtained on mild 6-0-fl -D-Galp -0-Gal 6-0-,1 4)-GaIp-D-GaI 
acid hydrolysis 3-0- P  -L-Arap -1-Arc 3-04 -L-Arap-L-Aro 
3-0-fl -L-Am! -L-Ara 3-0- g -L-Araf-L-Ara 
3-0-0'. -D-GaIp-L-Ara 
O-methyl-L-orablnoses 2,,5- and 2,3,4-tn, 2,3,5- and 2,3,4-tn- 
obtained from the 2,5,- 3,4-, and 3,5-d- and 2,5-dT-0-rnethyl- 
methylaleci gums O-methyl-L-arablnose 1-orabinose 
(A .nublca gum gcve no 
3,4-d1-0-methyI-L-arabinos) 
Length of arabinose- Some are at least 6 units long; Longest observed Is 5 units; 
containing side-chains none are terminated by galactose. some are terminated by 
galactose. 
Change In specific rotatlo Falls Fises 
of products on successive 
Smith degracations. 
(58) 







Basis of molecular 	I Blocks of A-1,3-linked 	I Branched #-I,,3-linked 
structure 	 D-galactose units Interspersed 	gatactan framework. 
by blocks of fl-i  ,6-1inked-I)- 
gakctose units In a branchec 
galactan framework. 
Approximate weight - 
	





In most detail. 	On partial acid hydrolysis they give five disaccharides, and the 
mothanolysed methylated gums hcv bn shown
(2) 
 to contain 2,3,5- an' 
and 2,5-dl-0-methyl-L- arabinoses as the only O-methyl-L-arabinoss; 	ontras 
(Table 4. 1) the gums from Series 4 species give four disaccharides on partial acid hydrolysis, 
and the methylated gums give rise to 3,4- and 3,5-di-0-methyl-L-arablnose In addition 
to those found In the Series 5 gums. 	Successive Smith degradations 	on these gums 
results In the removal of rhamnose, uronic acid, some galactose, and, more gradually, 
crabinose; the specific rotation of the products rises, and eventually becomes positive. 
Such studies Indicate that the molecular structures of A.sene i(76)  and A.laetcP 3 
gums are based on a branched *-1 ,3-linked galoctari core to which are linked shorter 
ft 
 
-1,6-linked galactose chains terminated by uronic acid and rhamnose, and arabinose- 
(76) 
containing side-chains. 	Figure 4.1 depicts possible structural fragments forA.senegal 
(1'i) 
and A.laeta 	gums. 	Molecular-sieve chromatography has Indicated that both 
3/63or6 	 R 
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• 	3/6D-Galpl 	3D-Galp143D-Galpl ............ 
D-Golp 	DlG6olp3 4 	R 
D-GpA 4-Me-D-GpA 
= 4 	 = 
L -Rhap 
R represents D-galactopyronose-, L - arabinopyranose-, and L - arabinofuranose-
containing side-chains. 	These side-chains may be up to four units long in A.senegal 
(76) 	 (131,135) 
gum 	and up to five units long in A.laeta gum 	 , and contain 
3L-Araf 1 ... residues. 	They may be terminated by L -Araf 1...., L -Arap.. .., 
L-Arapl -.L 3L-Araf 1...., or D -Galpl -'3L -Araf 1 .... residues. 
(76) 	 (135) 
F i gure 4.1) 	Possible structural fragment in A.seneqal 	and A.laeta 	gums. 
(59) 
guns have similar number-average molecular weights. 
Acacia campylacantha Hochst (syn. A.suma Kurz; Brands; A.catechu Benth; 
A.walitchiana,A.evythranatha Hochst, Mimosa Suma) Is a member of Series 5 (Vulgares) 
ams divisions 	and Is commonly known as the 'Claw Acacla 	. The gum 
07) 
	
-ome attention; a sample of crude gum was shown 0 	to have a 
• 	,itrogen 0.34%, methoxyl 0.2 1/lo, and uronic 
to contain galactose(54%), arabinose 
701S), rharmose (79/6), and uronic acid (8%); it had a specific rotation of 
_30, 
 ash 0.05, 
itrogen 0.28%, methoxyl 0.42%, and limiting viscosity number 16.0 cm 3/g.. 	In 
iother stucy 4 , hydrolysis of the gum with IN sulphuric acid gave the acidic disaccharides 
fi -D-glucopyranosyluronic acid-D-galactose, and 6-0-fl -(4-0-methyl -D- gI ucopyrano- 
'-galactose, Identified on the basis of their paper chromatographic mobility. 
nt study describes a detailed structural investigation of A.campylacantha 
results are compared with those of other Acacia gum exudates studied in an 
ogous manner, particularly those from the closely-related A.senegaljL) WilId. and 
•Iistr! 
HD PURIFICATION OF A.CAMPYLACANTI-IA GUM - Gum nodules 
- 	•kicantha Hochst. trees, growing at El Ain Forest Reserve, near El Obeid, 
collected In January 1961 by the Gum Research Officer to the Republic of the Sudan. 
The crushed gum nodules (125 g.) were dissolved In water (4 I.), filtered, and dialysed. 
LA 
(60) 
- 120  (C 1.0); moisture 9.6%; N 0.37%; protein 2.3%; ash 1.64%, limiting viscosity 
number 15.8 cm. 3/g; CM. 0.29%; uronic acid, by decarboxylotion, 9''; D-galactose 54%; 
I -rhamnose 7%;. L-arabinose 29%). = 
A portion of the gum (2 g) was exhaustively electrodlalysed against distilled water, 
and freeze-dried; the resulting acidic polysaccharide had equivalent weight 1760, corres-
ponding to 10% uronlc anhydride, if all acidity arises from uronic acid groups. 
Ultracenfrlfugation (1% solution in M-sodium chloride,, 20,410 r.p.m.; 0.5% 
solution In 0.5 M-sodium chloride, 44,770 r.p.m.) of the purified gum yielded, in each 
case, a single symmetric boundary. The gum was shown to migrate as a single bond during 
electrophoresis on cellulose acetate film in both 0. 1M ammonium carbonate (pH 8.9) and 
0. IM acetate (pH 4.7) buffers, and on thin-layer electrophoresis in 0.05M ammonium 
carbonate (pH 8.9) and 0.05M borate (pH 9.2) buffers. A portion of the gum (50 mg.) 
was dyed using Proclon Brilliant Red M-2B dye(136) , and examined by thin-layer electro- 
phoresis In ammonium carbonate and borate buffers; In each case, a single band was produced. 
The gum was chcomotographed 7  on a DEAE-cellulose column (30x1 .5 cm.), buffered at 
pH 4.1 by 0.02M acetate. 	Gradient elution with sodium chloride (0.0 - 0.5 M) gave a 
I ,.'! 	 H 
( . 	 ou y -1 	rcr 
ormavar" coated grid, shadow-cast with chromium (50 mg.) at an angle of 15 ° and 
lance of 10 cm., using a USpeedivac hi Coating Unit, Model 12E6/814 (Edwards High 
'cuum Ltd.). The shadow-cost grid was examined in a Model EM6 Electron Microscope 
Lctric Co.); photographs taken at 40,000 diameters showed spherical particles 
(61) 
polysaccbarlde were prepared by neutralising electrodialysed gum solutions with standard 
barium hydroxide and caeslum hydroxide, respectively, Followed by dialysis against 
delonised water. The barium salt was observed In the electron microscope as large 
spherical areas, showing fine structure, which were thought to be aggregates of gum 
molecules through divalent barium Ions. 	No conclusive results were obtained with 
the caesium salt, but the coesium salt of Combretum grandliollum gum, prepared In a 
similar manner, showed elongated particles of length ca. 200 nm; this is in agreement 
'1 o' 
with the shape of the gum molecules deduced from viscosity measurements' ''. Attempts 
at negative-staining, using sodium phosphotungstate, were unsuccessful, presumably due 
to the hydrophobic nature of the grid. 	(I wish to thank Messrs. J. Tulett and R.Hewit 
of the Department of Botany, Edinburgh University, for discussions and assistance with 
electron microscopy). 
IDETflFICATION OF NEUTRAL AND ACIDIC COMPONENTS - Thegum(0.2g.) 
was hydrolysed by N sulphuric acid For 7.5 hours on a boiling water-both. The cooled 
solution was neutralised with barium carbonate, filtered, delonised with Antherllte IR-120(H) 
resin, and concentrated to a syrup which was fractionated on a Duolite A-4 resin column 
(30x1.5 cm.) in the formate form. 	Elution with water (0.5 l) followed by 5% formic 
acid (0.5 I.) gave the neutral and acidic fractions respectively. 	After concentration 
to a syrup, the neutral fraction was chromatogrophed in solvents (a), (b), (c) and (d), which 
showed three components Identical with authentic galactose, arabinose, and rhomnose. The 
acidic fraction was concentrated and chromatographed in solvent (c). Two components were 
observed (R gal 0.63 and 0.2), identical with outhenic 6-0-fl - D-glucopyranosyluronic 
acid-D -galactose, and ó-O-fl  -(4-0-methyl -D-giucopyranosyl uronic acid)-ID -galactose. 
TABLE 4.2 








Rho 	G.A. 	4-0-4e G.A. 






A.campylacantha guff 97 -12° 135 54 29 8 	7 	2 6.43 1.64(98 hours) 




6.4 82 5 - 10 	17 .1 12.1 n.d. 
Degraded gum B 18 +20 - n.d. n.d. n.d. 	n.d. 	n.d. n.d. n.d. 
Polysaccharide 1 43 _280 44 78 19 - 3 	- 4.91 3.28 (120 hours) 
PoIysaccharkelI 28 +140 14 97 3 - 	- - 4.83 1.88 (48 hours) 
Polysaccharke III 44 +35° 10.5 100 0 - - 2.34 1.62 (48 hours) 
Polysaccharide IV 70 +20P 9.1 100 - - 	- 	- 2.58 0.78 (48 hours) 
Polysaccharide V 68 +190 8.3 100 - - - - 2.20 0.69 (48 hours) 
Notes: (a) corrected For moisture and ash; 	(b) corrected for protein; 	n.d. - not done. 
(63) 
In addition, small amounts of galactose and R -glucuronolactone were detected. 
A portion of the gum (100 tug.) was hydrolyssd by 2N sulphuric odd, and examined 
by chromatography In solvents (g) and (h); glucuronic acid and its 4-0-methyl analogue 
were the only uronic acids detected. 
PARTIAL ACID HYDROLYSIS OF THE GUM - The polysacchorlde 
(100 mg.) was hydrolysed by 0.5N sulphuric acid (10 ml.) for I hour on a boiling water-bath. 
The cooled solution was neutralised with barium carbonate, deionised with Amberlite IR-I20(H) 
resin, and chromatographed in solvents (a) and (b). Galactose, arabinose, and rhamnose 
were found, olonj with three neutral dsacchark!es having the mobilities of 6-0-fl-
qalactoranosyI-L-ijalactose [ Pgal' solvent (a); 0.29, solvent (b)) , 
galactopyranasyl-D-galactose [R 01 0.51, solvent (a); 0.48, solvent (b)) and --'.-D-
galoctopyranosyl-L-arabinose LRg0I 0. 76, solvent (a); 0.72, solvent (b), pink spot with 
aniline oxalate 3 
PREPAiALT IL N C F LEG PAL E GUM A. - Purified A.camIacantha 
gum (20.2 g., dry weight) was dissolved In 0.01 N sulphuric acid (ii.) and heated on a 
boiling water-bath. 	AUquots (10 ml.) of the solution were withdrawn at intervals, filtered, 
and the extent of hydrolysis determined from Flow-time measurements in an Ubbelobde 
Viscometer. 	The change In the viscosity number of the solution with time is shown in 
figure 4.2. 	After cc. 15 hours, a precipitate, prcsuc: to b dcnatured orobin, appeared 
in the solution. 	After 96 hours, the solution was cooled, nutralise with barium carbonate, 
delonised with Amberlite iR-120H) resin, concentrated and dialysed against distilled water 
(2 I.) for 24 hours. 	After further dialysis against running tap-water for 48 hours, degraded 
gum A was recovered as a pole brown freeze-dried product (6.6 g., analytical data are given 
'i x102 	 Figure 4.2 ) 	Graph of Flow-time number versus time during mild acid 




in Table 4.2). 
The diffusate from the dialysis of degraded gum A was concentrated to a syrup (7.7 g.). 
Portions were chromatocjrophed In solvents (a), (b) and (c). 	Arabinose, rhamnose, and small 
amounts of galactose were detected, along with three neutral disocchartds having the paper-
chromatographic mobilities of 3-0-o' -D-galactopy nosyl-L-oroblnose (R gal 0.78, solvent (a); 
0.71 (b); 0.51 (c); pink spot with aniline oxcicite), 3-0-fl -1 -crab inofuranosyl-Larablnose 
(trace component; Rgal 1.25, solvent (ci); pink spot), 3-0-0-L-arablnopyranosyl-L-orabinose 
(Rgol 0.91, solvent (a); 0.82 (b); 0.74 (c), pink spot). 
EXAMINATION OF DEGRA[ED GUM A - Degraded gumA(1.Og.) was 
dissolved in water (200 ml.) and sodium borohycirlde (800 mg.) added. After 24 hours at room 
temperature, further borohydrida (200 mg.) was added. After a further 6 hours, the solution 
was dialysed and the reduced, degraded gum was Isolated as the freeze-dried product (850 mg.). 
A portion was hydrolys€. (N sulphur;.. 	7j hours, '°); pop ,- :r hromatography of the 
hydrolysate In solven () in: Latx. u Cruc of • uIa :ri rd , wt no C1LIfl 1131 
Degraded gum A gave a brown aqueous solution which could not be used for light-
scattering measurements; the borohydride-reduced, degraded gum A gave a clear solution, 
however, for which a value of 9,400 was obtained For 'M w.  Molecular-sieve chromatography 94 
of degraded gum A an a pcecallbrated °Blo-Gel P300" column gave an approximate value of 
6,400 for Wn. 	Hydrolysis of degraded gun A with IN sulphuric cici' 1 at 100° , followed 
by paper chromatography In solvent (b), inc'kated the presence of 6-0- ,4 (C-ijlucopyrono-
syluronlc acid)-D- galactose and 6-0- 13 - (4-0-methyl-D-glucopyranosyluronlc add )-D-
galactose. 	Partial acid hydrolysis of degraded gum A (0.5 N sulphuric add, 1 hour, 100° ) 
followed by paper chromatography In solvents (a) and (b) indicated the presence of 
(65) 
6-0-p - D-galactopyranosyl -D -goloctose (major component) and 3_3_(3  -D -galactopyranosyl-
D -galactose (minor component). 
METHYLATIC:N OF DEGRADED GUM A - Degraded gum A (373 mg.) 
was methylated to give a product (275 mg.) (Found : [CA] r  -)1° (c. 3. 3, chloroform); 
OMe 39.3). 	A portion of this was methanolysed an! cxamn: by g .1 .c., usincj instrument 
A and columns (I) and (ii); the 0-methyl sugars identified are fisted in Table 4.3. 	Hydrolysis 
of the mixture of methyl glycosides, followed by paper chromatographic examination In solvents 
(d) and (e),  indicated the presence of 2,6-di- and 2-0-methyl-s -galactose, In addition to 
those 0-methyl sugars already Identified as their methyl glycosides by g .1 .c. 
TABLE 4.3 
EXAMINATION OF THE METHANOLYSIS AND HYDROLYSIS PRODUCTS FROM 
MErHYLATED, CEO RAD EC GUM A. 
Relative retention times (1) R0 Approx. 
of mithyl glycosi' .s In molar O-nithyI s'J3ar ic-ntiFlid 
column (I) column (II) solvent (d) proportions.  
0.58,0.72 0.47,0.65 0.97 0.5 2,3,5-tri-0-methyl-L -crab lnose 
0,97 0.85 0.78 trace 2,3,4-trl-0-methyl-L-arablnose 
1.67 1.62 087 3' 2,3,4,6-tetra0-methylD-galactose 
.78,4.22 3.02 0 3.46 0.72 2 2,4,6-tri -0-methyl -D -galactose 
6.43 L.25 0.72 5 2,3,4-frl-0-methyl-D-galactose 
- 
- 0.55 trace 2,6-dI-0-methyl-D-galactoso 
14.6,16.5 9.9 1 1.4 0.52 2 2,4-di-0-methyl-D-galactose 
1.5 2-0-methyl-D-gafactose 
2.26 0 2.97 2.12,2.73 - 2.5 2,3,4-tri-O-methyI-D-glucuronlc acid ° 
Note: (a) as methyl ester methyl glycoside. 
(66) 
SMITH DEGRADATICN OF DEGRADEC GUM A. - Degraded gum A (2.02 g,) 
was dissolved In water (50 ml.) and 0.5 M sodium metaperiodate (50 ml.) was added. 
After 96 hours in darkness at room temperature, the polysaccharide had reduced 12.1 
mmoles perlodat. /g. The reaction was stopped by the addition of ethylene glycol (4 ml.) 
and the solution was dialysed against running tap-water for 2 days. 	Sodium borohydride 
(1.0 g.) was added, and after 30 hours at room temperature, the solution was dialysed for 
a further 2 days. The solution was made IN with respect to sulphuric acid, and the poly-
alcohol was hydrolysec for 48 hours at room temperature, then dialysed for 2 days. Degraded 
gum B was Isolated as the freeze-dried product (350 mg., data given in Table 4.2). 
PARTIAL ACID HYDROLYSIS AND METHYLATION OF DEGRADED GUM B. - 
Degraded gum B (50 mg.) was hydrolysed with 0.5N sulphuric acid (10 ml.) for 1 hour on a 
boiling water-bath. 	The solution was cooled, neutralised with barium carbonate, fiIterec, 
d&onised with Amberl1t lR-120H) resin, and concentrated. 	Paper-chrómatographic 
examination In solvents (a) and (b) indicated the presence of galactose, and two neutral 
disaccharides having the mobilities of 6-0- -D-galactopyranosyl-D -go lactose (minor 
component; R901 0.37, solvent (a) ; 0. 30, (b) ) and 3_013 -D-galoctopyranosyl-t)-galactose 
(motor component; R gal 0.54, soIvnt (a); 0.47, (b)), together with higher galactose 
of Igomers. 
Degraded gum B (200 mg.) was methylated, and after methanolysis, the methyl 
glycosides recorded In Table 4.4 were Identified by 9.1.c. 	Hydrolysis of the mixture 
of methyl glycosides, followed by paper chromatographic examination in solvents (d) and 
(e) indicated the presence of 2,6-di-, and 2-0-methyl -D -galactose, in addition to those 
0-methyl sugars already Identified by 9.1.c. of their methyl glycosides. 
(67) 
TABLE 4.4 
EXAMINATION CF THE METHANOLYSIS AND HYDROLYSIS PRCPUCTS FROM 
METHYLATED, DEGRAtEC GUM . 
Relative retention times (1) 
of methyl glycosides 







0-methyl sugar identified 
1.68 1.66 0.78 2 2,3,4,6-tefra-0-methyl-D-galactos 
(3.71 	(4.15) 2.99,3.44 0.40 8 2,4,6-tri-0-methyl-D-golacto6e 
3.05),(3.71),(4.15) 2.44,(2.99)1 3 . 44) 0.49 1 2,3,6-tri-0-methyl-D-galactose 
6.38 5.28 0.34 0.5 2,3,4-trl-O-methyl-D-galactose 
- 
- 0.18 trace 2,6-dl-0-methyl-D-galactose 
14.3,16.4 9.8,11.3 0.11 2 2,4-di-0-methyl-D-galactose 
- 
- 0.05 1.5 2-O-methyl-D-galactose 
220,(3.05) 2.14,2.73 - trace 2,3,4-tri-0-methyl-D-gIucuroni 
acid 
Notes: 	(a) figures in parenthesis indicate I values of components which are not 
completely resolved; (b) as methyl ester methyl glycoside. 
METHYLATICN OF A.CAMPYLACANTHA GUM - The gum (312 mg.) was 
methylated to give a product (261 mg.)(Found : 	-35° (c 1.0, chloroform); We 39.7', 
not raised on further attempted methylatton). 	Methonolysis of a portion of the methylated 
product gave the methyl glycosides, Identified by g.l.c., shown In Table 4.5; the relative 
amounts of the 0-methyl sugars could not be estimated completely because of incomplete 
resolution of several of the components, but both 2,3,4- and 2,4,6-tri-O-methyl-D-golactose 
were present in small and equal amounts. Hydrolysis of the methyl glycosides, followed 
(68) 
TABLE 4.5 
EXAMINATICN CF THE AETHANOLYSIS AND HYDROLYSIS PRODUCTS FROM 
METHYLATED A.CAMPi'LACAN1HA GUM 
Relative retention times (1) 
of methyl glycosides 
column (I) 	column (11) 
In 
solvent (d) 
0-methyl sugar Identified 
0.49 0.44 1.01 2,3,4-tri-0-methyl-L-chamnose 
0.58,0.71 0.51,0.61 0.98 2,3,5-trl-0-methyl-L-arabinose 
1.01 0.83 0.77 2,3,4,4r1-0-methyl-L-arobIno.e 
1.80,3.27 1 .27,(2.22 ° 0.80 2,5-dl-0-methy-L-arablnose 
1.69 1.66 0.88 2,3,4,6 -tetra -0-methyl-C-galatos 
3.76,4.21 3.01,.49 0.72 2,4,6-tri-0-methyI-D-galoctos 
6.50 5.16 0.72 2,3,4-tr1-0-mothyl--galactose 
- 
- 0.54 2,6-dl-0-methyl-D-golactose 
14.7,16.6 9.7 0 11.1 0.52 2,4-dl-O-inethyl-D-galactose 
- 
- 032 2-0-m  ethyl -D-galactose 
2.29,3.01 (2.22),2.71 - 2,3,4-trt-0-methyl-C-glucuronlc acid 
7.7195 5.9,6.9 - 2,'-dI-0-methyl-D-glucuronlc acid 
1.16 1 1.44 0.97,1.15 - Unknown components 
by paper chromatography in solvents (d) and (e), Indicated the presence of small amounts 
of 2,6-di- and 2-0-methyl-Cgalactose, in addition to those 0-methyl sugars already 
Identified by g.l.c. of their methyl glycosides. 
(69) 
PREPARATICN, PARTIAL ACID HYDRCLYSlS, AND METHYLATION OF 
POLYSACCHARIDE I - A.campylacantha gum (60.0 g., dry weight) was dissolved In 
water (1500 ml.), 0.25 M sodium metoperlodate (1500 ml.) was added, and the solution 
was kept In darkness at room temperature. The oxidation was Followed by measuring the 
release of formic acid with time; aliquots (1 ml.) of the solution were titrated with 
0.0104N sodium hydroxide, using methyl red indicator (figure 4.3). 	After 100 hours, 
tha amount of perlodate reduced was estimated by back-titration with standard sodium 
anite 3 . The reaction was stopped by the aJction of ethylene glycol (30 ml.) and 
the solution was dialysed against running tap-water for 48 hours. Sodium borohydride 
(15 g.) was added, the mixture was kept at room temperature for 30 hours, and then dialysed 
against running top-water For a further 48 hours. The solution was made IN with respect 
to sulphuric acid, by addition of 4N acid, and the polyalcohol was hydrolysed For 48 hours 
at room temperature. 	After dialysis against running tap-water for 48 hours, polysaccharlde I 
was isolated as the freeze-dried product (25.6g.; for yield % and analytical data, see 
Table 4.2). 
Polysaccharide 1(20 mg.) was hydrolysed by N sulphuric acid (10 ml.) for 7.5 hours 
at 1000; the resulting solution was neutralised by barium carbonate, filtered, deionized 
with Ambertite IR-120 (H) resin, and adjusted n volume to Ca. 10 ml. 	Sodium borohydride 
(20 mg.) was added, and after 'I hour at room temperature, excess of borohydride was 
destroyed by the addition of Ambertite IR-120 (H) resin, and borate was removed by several 
distillations with methanol; the residue was then token up in water, ionised, and 
distilled with methanol, to ensure complete removal of borate. 	The resulting syrup 
was dried at 600  for 10 minutes under vacuum (oil-pump) to ensure complete removal of 
(70) 
water. 	Hexarnethylcflsilazane (0.2rnl.), trimothylchiorosilone (0.2 ml.) and pyridine 
(2.0 ml., redistilled) were added 35 ; the solution was shaken for 10 minutes, left for 
30 minutes, then centrifuged. The centrifugate was examined by g .1 .c., using 
Instrument A and column (v). 	The ratio of galactitol to orabinitol, derived from 
galactose and arablnose, was estimated from the peak areas, measured using a planirneter, 
obtained on 9.1.c., by comparison with a calibration graph for known naos of the trimethyl-
silyl ethers of golacHtol and arabinitol. 	This graph was found to be linear over the range 
used. 	The non-anomeric sugar alcohols give single peaks on g.l.c. analysis of their 
trlrnethytsllyl ethers, and quantitative estimation is therefore easier than that of the 
trimethylsilyt derivatives of the original reducing hexosos, where four onomers each are 
found
(98)
This technique was used to estimate galactose and arabinose In all Smith-
degraded polysaccharides. 
After partial acid hydrolysis (0.5N sulphuric acid (10 ml.), 'I hour, iO° ) of 
polysaccharide 1(30 mg.), paper chromatography indicated the presence of galactose, 
arabinose and two neutral disaccharides having the mobilities of 3-0- f!-D- ga lac topyranosyl-
D-goloctose [minor component, R 901 0.51, solvent (a); 0.48, (b) ] , and 6-0-13 -0-
galoctopyranosyl-D-galactose [major component, R90; 0. 37, solvent (a); 0. 30, (b) J 
Hydrolysis of polysaccharlde I with N sulphuric acid for 7.5 hours at 1000  gave a trace 
of 6-0- A -D-glucopyranosyluronlc actd-D-galactose (R 901 0.21, solvent (c)), In 
addition to galactose and arabinos. 
Polysaccharide I was methylated (see Table 4.6 for yield and analytical data for the 
product), and methanolysis of a portion of the product, followed by examination of the 
mixture of methyl glycosides by g.I .c •, gave the results shown In Table 4.7. Hydrolysis 
(71) 
TABLE 4.6 
METHYLATICN DATE FCR SMITH-DEGRAPED PCLYSACCHAPIDES I-V 
Po lysaccharlde 
II 	UI IV V 
Amount of polysir..charlde used (mg.) 290 304 	253 198 44 
not 
Amount of methylatod product (mg.) 252 163 	141 104 iso lated 
Lo(3 	of product (degrees) -47 -6 	+10 -6 - 
OMe of product, 39.2 36.4 	38.7 38.9 - 
of the methyl glycosides, followed by paper chromatographic examination in solvents (d) 
and (e), Indicated the presence of 2-0-methyl-D-galactose, in addition to those 0-methyl 
sugars identified as their methyl glycosides by g .1 .c 
PREPARATION OF THE SEQUENTIAL SMITH-DEC RADATICN PRCDUCTS, 
POLYSACCHARIDES II - V - The following weights of polysaccharides, in a sequence 
of Smith-degradations, were oxidised with perlodate, reduced with borohydride, hydrolysed 
with sulphuric acid, cand the corresponding products recovered, all as already described for 
polysacharlde 1. 	Polysaccharide I (24.3 g.) gave polysaccharide 11 (6,4 9 .); 
polysaccharlde II (5.269.) gave polysaccharide III (2,14 g.); polysaccharde III (1.21 g.) 
gave polysaccharide IV (0.77 g.);  and polysacchorlde IV (264 mg.) gave polysaccharide V 
(173 mg.). 	All weights are corrected for moisture; the percentage yields, specific 
rotations, estimated values For Wn,  sugar compositions and periodate oxidation data are 
given In Table 4.2. The apparent discrepancies In the weights of polysaccharides obtained 
(72) 
and the percentage yields quoted In Table 4.2, are explained by the removal of 
aliquots of the solutions during the periodate oxidation stage for the determination 
of formic acid release and periodote uptake. The release of formic acid, for 
polysacchartdei I, II and III, Is shown In figure 4.3. 
PARTIAL ACID HYDROLYSIS OF POLYSACCHARIDES II - V.- Following 
hydrolysis by 0.5N sulphuric acid For 7.5 hours at 100° , paper chromatographic examin-
ation Indicated the presence of 3-0-$! -D-galoctopyranosyl-D-galactose and 6-0-,4 - 
D-galactopyranosyl-D-galactose in each of these polysoccharldes. 	In polysaccharide II, 
these disaccharides were found in approximately equal amounts; the proportion of the 
fi -1 ,6-galactoblose decreased from polysaccharide II to IV; in polysaccharlde V, It 
was present In trace amounts. 
METHYLATION OF POLYSACCHARIDES II -V.- Potysccchardes II, III and IV 
were methylated successively with dimethyl sulphate and methyl Iodide. Polysaccharide 
V (44 mg.) was dissolved in N, N-dimethylformamlde (5 ml.) and methyl Iodide (5 ml.). 
Silver oxide (2.5 g.) was added and the suspension shaken in darkness for 18 hours at room 
(1 17) 
temperature 	. The methylated product, obtained as a syrup after filtration and 
concentration, could not be precipitated In petroleum-ether, despite repeated efforts; 
solvents were removed, and the resulting syrup methanolysed and examined by g.l.c., 
as were portions of the methylated polysaccharides Ii - IV. The mixtures of methyl 
glycosides were hydrolysed and examined by paper chromatography in solvents (d) and (e). 






m moles HCOOH/g. 
Figure 4.3 ) 	Formic acid released (m moles/g..) w i th time (hours) on periodate oxidation of : - 
(i) A.compylacantho gum (0) 
(U) 	Degraded polysaccharide I () 
Degraded polysaccharide II (o) 
Degraded polysaccharide Ill (<) 
(73) 
TABLE 4.7 




II 	Ifi IV V 
2,3,5-trl-0-methyi-L-arabinose 3 0.5 trace - - 
2,5-dI-0-methyl-L--arobinose trace trace - - - 
2,3,4,6-tetra-O-methyl-D-galactose 1.5 4 2 1 0.5 
2,4,6-tr1-0-methy-D-galacto.e 5 5 6 8 8 
2,3,6-tri-O-rnethyl-D -go lac tose - 0.5 0.5 0.5 0.5 
2,3,4-trl-O-rnethyl-D -go lac tose 1 1 0.5 trace trace 
2,6-dI-O-methyl-D -go lactose 1 trace 1.5 1.5 2 
2,4--O-methyl-D-galactose 3 3 1 0.5 trace 
2-0-methyl -D-galactose 1 0.5 1 0.5 trace 
2,3,4-tr-0-methyl-D-glucuronlc acid 0.5 - - - - 
MOLECULAR WEIGHT DETERMINATIONS OF A. CAMPY LACANTHA GUM 
ANC ITS rEGRAf'ATIC N PRCDUCTS. - A.campylacantha gum was chromatogrophed 
on a precalibrated " Bk-Gel P300 "coIumn (47x5 	 Elution with M sodium 
chloride yielded a single peak close to the void volume of the column. An approximate 
value of 135,000 was obtained forZ. The weight -average molecular weight (R,,) 
of the gum, determined by light-scattering measurements, was found to be 312,000. 
Polysacchartdes I - V were chromatographed on a precalibrated "Bk-Gel P300" column, 
(74) 
and approxmatc- valu:s obtaincc car T; 	us of the methoc! of calibration usod, 
thcse values Ganno 	rajj ar(11 a,-' cis ab5oluf,. 	The results of these experimnts are 
shown in Table 4.2. 
4.3) DISCUSSION. 
The crude gum exuded by A.campylacantha was completely soluble In water. 
After purification by dlaiyk and freeze-drying, the gum polysaccharde isolated contained 
galactose (54°/,arab1nose(29%), rhornnoso (8 0/6); glucuronic acid (7%) and 4-0-methyl 
glucuronk acid (2" , ). 	The purified gum was examined by zone electrophoresis and 
I 
thin-layer electrophoresis , Ion-exchange chromatography'", molecular-sieve 
chromatography 	, and ultracentrlfugation. 	None of these experiments indicated 
any sharp discontinuities In the properties of the system of molecular species involved, 




 as A.senegal 
(76, 	
and A.laeta (131) guns. 
The analytical data obtained For the gum polysaccharde were similar to those 
obtained previously for a different specimen1. Light-scattering measurements 
gave jWw = 312,000, and molecular-sieve chromatography on a precalibrated "Bk-Gel 
oo" column 	gave an approximate value of 135,000 for Rn . The values of Wn, 
obtained by this technique, for A.campylacantha gum and some of Its degradation 
products depend on the validity of dextran fractions as calibration standards (see page 43). 
The gum was methylated, and on subsequent methonolysis and g.lc. exam1natio, 
2, 3,4-trl-O-methyl-L-rhamnose, 2,3,5- and 2,3,4-tri- and 2,5-di-0-methyl-Larabinose, 
2,3,,4,6-tetra-,, 2,4,6-and 2,3,4-fm-, and 2,4-di-0-methyl-O-galactose, and 2,3,4-tn- 
(75) 
and 2,3-dl-0-methyi-D-glucuronlc acid were identified. The g.l.c. chromatograms 
obtained were very similar to those obtained for the methanolysed 0-methyl derivatives 
of A.senegal 
(76) 
 and A.loeto 
(131)
gums. 
Controlled hydrolysis of the gum by OP 01  sulphuric acid gave degraded gum A, 
together with fragments having the same paper chromatographic mobility as 3-0- -D-
galactopyranosyl-L-arablnose, 3-0- g -L-arablnopyranosyl-L-arabinose, and, in small 
amount, 3-0-- 18 -L-arthlnofuranosyl-L-arobinose. 	Since all three disaccharides were 
released under relatively mild hydrolysis conditions, the reducing arabinose residues may 
have been present initially in the furanose form. These disaccharides are ubiquitous in 
gums From species in Bentham's Series 5 of the Acacia genus 
(129), 
 and have been character-
ised for A.senegal 
(117 # 138 ,,139) and A.laeta31)  gums. 
The change in specific rotation of A.compylacontha gum during mild acid hydrolysis, 
0 
from -12 to -I * , is similar to the changes reported for the gums from A.senegal 	(-31.50  
to -11 °) and A.laeta(131)  (-42°  to _380). 	Values of 6,400 and 9,400 were obtained 
for W. and Ww of degraded gum A, and borohydride -reduceddegraded gum A, respectively. 
These values are similar to the values reported for the corresponding degraded gums from 
A.senOgal(76) Rn = 4,800) and A.laetaO3D  (17n = 5,700). The removal of rhamnose 
and arabinose from the periphery of the molecule by contrdled acid hydrolysis would not 
yield a degraded gum of such low molecular weight; nor does the degradation appear to 
result from Internal acid-labile arabinofuranose units, since acid hydrolysis of borohydride-
reduced, degraded gum A yielded galactitol, and no arabintoi. 	For A.senegal 76 , 
(131) 	 (140) 	 (95) 	 (141) 
A.loeta 	, A.orthlca 	, A.drepanolobium 	and A.seyal 	gums, it has been 
proposed that the drastic decrease In molecular weight Implies that certain galactopyranosidic 
(76) 
bonds must be unusually sensitive to mild conditions of hydrolysis. From the data given in 
Table 4.2, the A.compylacantha gum molecule contains, on average, ca. 500 galactose 
residues; assuming the gum to have a galactan core, the decrease In Vn from 135,000 to 
6,400 (ca. 32 galactose residues, allowing for arabinose and glucuronic acid) for degraded 
gum A can be accounted for by random hydrolysis of only 3% of the original gakctopyranosfdic 
bonds. The presence of small amounts of galactose in the diffusate from mild acid hydrolysis 
suggests that there Is a slight degree of hydrolysis of gakctopyronosidic bonds. Furthermore, 
3 % to 4% hydrolysIs, on a statistical basis, of a galactose polymer containing any number of 
residues, yields, In each case, a degraded molecule having approximately the some degree of 
polymerisation. A galacton Of Vn = 30,000 will give galactans of Vn = 4,600 and 3,600 
from 3% and 4% random hydrolysis, respectively; for a galacton of 	= 3,000,000, the 
corresponding products have 	5,400 and 4,000, respectively. 	This concept may explain 
the marked similarities In the values of 	for the degraded gums A of the Acacia species 
studied to date, despite the wide variation In the values of Vw obtained For the whole gums, 
e.g., A.senegal (76,142) • 	06x106; degraded gum A, Vn 4,800; A.arabico (14 ]2) 
2.3006; degraded gum 	5,400; A.nubIco '42 " 143 , 	0.87x106; degraded 
gum 	
(95,142) 
A, 7 5,700; A.drepanolobium 	 0.95006; degraded gum A, 	5,700; 
A.laeta('13'1s142), 7, 0.72x1(l; degraded gum A,.1 5,700; A.seyaI 4h h l2) , w 
0.85x106; degradec gum 	4,900. 
Partial acid hydrolysis of degraded gum A gave the -1 ,3- and 	(3 -1 ,6-galactobioses. 
Methylated, degraded gum A, on methanolysls and hydrolysis, gave 2,3,4,6-tetra, 2,4,6-
and 2,3,4-tn-, 2,4-di- and 2-0-methyl -D -galactose, 2,3,4-tni-O-methyl-D-glucuronlc 
acid, and, in small amounts, 2,3,4- and 2,3,5-trl-0-methyl-L-arabinose and 2,6-di-0- 
methyl -D-galactose. The presence of 2,6-di- and 2-0-methyl-D-galactose is ascribed to 
(77) 
undermethylotlon. 	These 0-methyl sugars Indicate the presence of terminal, non- 
reducing arablnopyranose, arabinofuranose, galactose, glucuronic acid and Its 4-0-methyl 
analogue, and 3-0-, 6-0- and 3,6-di-0- substituted galactopyranose residues. The ratio 
of 2,3,4- to 2,4,6-trt-0-methyl-D-galactose (5 : 2) In degraded gum A suggests that some 
of the labile residues removed by mild acid hydrolysis are attached to the 3-position of galactose 
in the branched galacton core of the gum; this ratio Is 3 : 2 and 1: 1 for degraded gums A from 
A.senega!76) and  A.laofa(3l),  respectively. The ratio of trimethyl galactoses observed for 
degraded gum A of A.campylacantha, in addition to Its relatively lower uronic acid content, 
may account for Its higher specific rotation, compared to those found for the degraded gums A 
of A.senegat and A.laetc 
An indication of the distribution of th 	-1,- and fl-1,ó- linkarjos in the  
branched galactan core of the gum polysaccharlde was obtained by study of degraded gum B. 
obtained by Smith degradation 
(132) 
 of degraded gum A. 	Partial acid hydrolysis of degraded 
gum B gave the ,6 -1,3- and, in trace amounts, the 	-1,6- galactobloses. An examination 
of methylated degraded gum B indicated the presence of 2,3,4,6-tetra- , 2,4,6- , 2,3,4- and 
2,3,6-fri , 2,4-di- and 2-0-methyl-D-galoctcse, together with trace amounts of 2,6-dI-O-
methyl-D-galactose and 2,3,4-trl-0-methyl-D-glucurontc acid. The presence of 2,3,6-trl- , 
2,6-di- and 2-0-methyl -D -galactose Is probably due to undermethylatlon at the axial 4-position 
of galactopyranose. 	Since all the uronic acid residues In degraded gum A are present as 
terminal, non-reducing units, the Identification of trace amounts of uronic acid In degraded 
gum B probably results from Incomplete perlodate oxidation of uronic acid In degraded gum A. 
This effect has been reported before 76), and it Is also suspected (140) that nt all the uronic 
acid residues are to be found on the periphery of Acacia gum molecules. 
(78) 
The identification of a small amount of 2,3,4-0-0-methyl-D-galoctose in methylated, 
degraded gum B Indicates that T is a possible structural fragment of degraded gum A. 
....3D-.Galp -id--* 6 D -Gale I -/ )3D-Galpl 
I 
R 
where RL-Ara!,LArap,D_Galp,or .... 6D-Gaipl.... 
T 
A.campylacantha gum was subjected to five successive Smith degradations 
giving polysaccharldes I - V; their composition is shown In Table 4.2. 	The first degradation 
would be expected to remove all the uronic acid, but small amounts of glucuronic acid were 
observed in polysaccharlde I; the incomplete oxidation may arise through steric hindrance (144) 
On methanolysis, the 0-methyl derivative of polysaccharide I gave the mixture of methyl glyco- 
sides shown in Table 4.7. 	All the original rhanEose and arabinopyronose were therefore 
completely removed by the first Smith degradation. Mention has already been mode of the 
presence of some uronic acid. 
The second Smith degradation removed some galactose and arabinose, and the residual 
uronic acid. Examination of methylated polysaccharide II Indicated that all but a trace of 
orobinose was present as terminal, non-reducing arabinofuranose. 
Polysaccharide Ill, formed by Smith degradation of polysaccharlde II, was shown, by 
examination of the methylated product, to contain only a trace ( 	1%) of terminal, non- 
reducing arabinofuranose. 	Polysaccharides IV and V were galoctans, whose 0-methyl 




— 	= chains of -1, 3-linked D-galactose residues 
$ 	-1, 6-linkage at branch point 
o 	= reducing end-group 
o = non-reducing end-group 
Figure 4.4 ) 	Representation of some of the possible structures for the pedodate-resistant galactan 
framework of A. campylacantha gum 
(79) 
Partial acid hydrolysis of polysaccharides I - V gave, in each case, 6-0- fi 
golactopyranosyt-D-galactose, and 3-0- ,S -D-gaioctopyranosyl-D-galactose. The amounts 
of the ft -1 ,6-galoctoblose decreased from polysacchartde II - V 1 In which it was detected 
In trace amount only. 
Polysaccharides I to V were examined by molecular-s 1ev e chromatography on a pre-
calibrated "Blo-Gel VOO " column 94 i the approximate values obtained for 	are shown 
In Table 4.2. 	This degradation pattern Is similar to those reported for A.senegal 
(76) 
 and 
A.laeta(13 gums, except that the decrease In IT during the second degradation Is much 
greater for A.campylacontha gum . 	In addition, the values obtained forVn for A.campyla- 
cantha gum and polysa charides I - V are considerably lower than those reported for the gums 
and respective Smtth-degraded polysaccharides from A.senegal and A.laeta. 
The Identification of 2,3,4,6-tetra- and 2,4-dI-0-methyl-D-galactose, and small 
amounts of the fi -1 ,6-galactoblose, Indicate that polysaccharide V is not a simple, linear 
03 -1 ,3-gaioctan; the structural evidence Indicates that polysaccharide V Is a branched 
galactan, made up of ft -1,3-galactose chains joined mutually by 4 -1,6-linkages. If 
there Is  "main chain" of 8 -1,3-linked galactose units In polysaccharides IV and V, It 
must carry short side-chains of 02 -1 , 3- linked golactose residues; the branch points for 
these would be through # -1,6- linkages (figure 4.4, A). 	Alternatively, there could 
be occasional /3 -1,6- linkages along a "main chain" of 13-1,3-linked galactose units; 
In this case the branch points for the short side-chains would be through /2-1,3- linkages 
to /3 - 7,6-linked residues In the "main chain" (figure 4.4, B). 	A randomly-branched 
structure of /2-1 ,- linked chains with /3-1,6- branch points would also satisfy the 
available structural evidence (figure 4.4, Q. 
(80) 
The branched golactan framework of A.campylocantha gum therefore appears to be 
of a similar type to those reported for A.senegcJ 76 and A.Iaeta 31  gums, the main difference 
being the higher relative proportion of /3-1,6- to /3-1,3 linkages. 	The relatively low 
Intrinsic viscosity of the gum, indicative of a globular molecule 93 , and the spherical 
particles observed by electron microscopy, give further support for a highly -branched, 
compact structure. 
Since only three degradations were required to remove all the arabinose residues from 
A.campylocantha gum, the arabinose -contain ing chains cannot contain more than three units; 
are the shortest arabinose-containing chains of any species of Acacia gum studied so far 
(cf_jenegoi (76) , 4 units; A.laeto 
(131) 
 five Units). 	From the oligosoecharides in the 











D-Galp 1 -4 3 L-Araf 	 7-f 3 1-AraF 1 	3 L - AraF 1 * 
where R = D-Golp, I -Arap or 	I -Araf 
The evidence obtained in this study therefore suggests that A.campylacontha gum 
molecules possess branched gatacton frameworks, to which are attached unusually short 
arabinose-containing side-chains, uronic acid, and rhamnose. 	Although most of the 
1j1 ,6- linked galactose chains in A.senegaI 76 and A.laeta 3 gums are terminated 
by uronic acid, the higher proportion ol 1t! - 1 ,6- linked galactose chains, and lower uronic 
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R represents D-galactopyranose- , L - arabinopyranose- , and L - arabinofuranose-
containing side-chains. 	These side-chains may be up to three units long and Contain 
.... 3L-Arafl .... residues. 	They may be terminated by L-Araf 1...., L-Araph..., 
L-.Arapl 
9
_,3L_Araf 1.... or D-Galpl -43L-Araf 1 .... residues. 
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Figure 4.6 ) 	Yields of polysaccharides from successive Smith degradations of Acacia gum exudates. 
(81) 
acid content In A.campylocanthci gum indicate that only some of its 4 -1,6- linked galactose 
chains can be termlnatct by uronic acid. The mode of attachment of the L-ihamnose 
residues In A.campykcontho gum was not established, but the structural similarity, In 
other respects, between A.campylacantha and A.senegol gums may suggest a linkage to the 
4-position of glucuronic acid, as has been established (1450146)  for A.senegal gum. 	One 
possible structural Fragment For A.campylacantha gum Is depicted In figure 4.5; this Is only 
one of many similar structures which can be proposed on the basis of the evidence obtained, 
and is not intended to represent any repeating unit in the structure of the molecule. 
	
The structural similarity between A.carnpylacontha, A.senegal 	and A.laeta 
gums can be illustrated by comparing the respective yields of the polysaccharides obtained 
from successive Smith degradations. 	Figure 4.6 shows the data available for all the Acacia 
gums studied In a comparable manner by this technique. The plots appear to be characteristic 
of the nature of the galactan Frameworks involved; the similarity betweenA.campylacantha, 
A.laeta 	and A.senegal 	gums (members 	of Benthams Series 5, Vulgores) and 
( their difference from A.arab,ccr 140) 	(141) 	 (147) , A.seyal 	,A.drepanotobium 	and A.nubico(14 !)  
gums (members(17) of Bentham's Series 4, Gurnmiferae) is striking. 
This study therefore gives support to the indications 
(2) 
 that gum chemistry can contri-
bute usefully to plant taxonomy; it has shown that although A.campylacantho gum IS similar 
structurally to the gums From A.senegal and A.Iaeta, differences In fine structure can be 
distinguished. 
LW] 
1V. B. MOLECULAR ASSOCIATION IN A. CAMPYLACANTHA GUM 
4.4) 	INTRCCUCTICN 
The phenomenon of molecular association is widespread amongst macromolecules; 
It is encountered( 
148) 
 In protein, nucleic acids, polysaccharlcles, and synthetic polymers. 
The exact nature of the association In such molecules is not completely understood, and 
interactions can arise In several ways. 
Intermolecular hydrogen bonds in proteins may be formed 	between the imino 
and carbonyl functions of peptide linkages, and, possibly to a lesser extent, through the 
hydroxyl groups of serine and threonine, and unionised carboxyl groups of ospartic and 
glutamic acids. 	In polysaccharides such as the Acacia gum exudate., the possibility of 
hydrogen bonding through the free hydroxyl groups of the monosaccharide rings, and the 
carboxyl groups of uronic acid residues, exists. 	Hydrophobic bonding is thought
(149) 
 to 
be an important factor In association between protein molecules, and can arise In the non-
polar hydrocarbon chains found in certain amino acids, e.g., Ieucino and phonylalanine. 
This type of association is not expected to be so important In Acacia gum exudate.; non-
polar hydrocarbon chains have not been found in these molecules, and the only hydrophobic 
regions comprise the hydrogen atom of the sugar rings, and the methyl groups of L-rhamnose 
and 4-0-methyt-D-glucuronlc acid. 	Intermolecular salt bridges, between the free amino 
group of a basic amino acid, and the free carboxyl group of an acidic amino acid, can exist 
in proteins; the absence of basic regions In Acacia gum molecules appears to preclude this 
type of association. 	Intermolecular associations in macromolecules can also arise 
149) 
 by 
Von der Wools forces, by interaction through polyvalent ions, and by the formation of 
covalent linkages. 
(83) 
Molecular association Is an important factor in many biological procees(150). 
The mechanism of enzyme action, the antibody-antigen reaction, the formation of gels, 
and the structure of virus particles are dependant on this phenomenon(148) . Tobacco mosaic 
virus, for example, Is built up of 2130 Identical protein sub-units, each of molecular weight 
17,500, In a helix configuration, together with a single strand of RNA(148D 151), the whole 
assembly Is thought
(152) 
 to be stabilised by non-covalent interactions, principally hydrophobic 
bonding and salt linkages, giving a final particle of molecular weight 39,000,000. Haemoglobln 
Is a protein of molecular weight 54,000, built up of four protein subunits of molecular weight 
16m, 000(151) probably held together by intorpeptide salt linkages and other, non-ionic Inter-
octions(153). 	The protein Ferritin is  particularly fascinating example of the biological 
importance of molecular association(148)The molecule is utilised in higher organisms for 
storage of iron, and has molecular weight 750,000, of which ca.203 Is due to ferric oxide 
and phosphate. 	After removal of iron, the residual appoferritin" dissociates in detergent 
solutions to subunits of molecular weight ca. 20,000. 	Crystallographic evidence 
suggests that these subunits fit together into a hollow sphere, which acts as a receptacle for 
the inorganic material. 	"Polymerisation" of macromolecules can occur, e.g, with 
fibrinogen(148) 
0  the globular protein responsible for the clotting of blood. Native fibrinogen 
shows no tendency to form molecular aggregates, but when subjected to attack by the 
proteolytic enzyme thrombin, a small peptide is split off, and the residual protein ("fibrin 
monomer") has a high tendency to associate to large structures which eventually form cross-
linked gels. These are but a few of the many examples in which the association of 
macromolecules plays a vital role in Nature. 
Many experimental techniques have been used to study molecular association; these 
(84) 
(149,150) 
inc kid e 	light -scattering  and viscosity measurements, ultrac entrifugatlon, 
spectroscopy, the effects of various solvents on the associated macromolecules, and, more 
(96,155,156) 
recently, molecular-sieve chromatography 	 Few interacting macromolecule 
systems have, to date, been characterisec, in any detail, in terms of their thermodynamic and 
kinetic paromoterP 50), 
Many proteins are normally isolated in an aggregated state
(149) 
 . The number of 
subunits comprising these aggregates varies for different proteins(151); e.g., insulin, sub-
unit molecular weight 5,733, is normally isolated as the dimer; myosin, subunit molecular 
weight 200,000, as the trimer; aid f -golactosidose, subunit molecular weight 130,000, 
as the tetromer. Mention has been made of haemoglobin, ferritin and tobacco mosaic 
virus. 	With some proteins, which form aggregating as well as disaggregatirig systems, 
e.g., seed proteins, it is still difficult to decide w+%at is their"natural" degree of association 
Molecular association in polysaccharides has not received so much attention. The 
structure of cellutose ' , and gel formation In polysaccharides of seaweed origin and some 
pectins, are notable examples of this phenomenon. A study of the gelation of olginic acid 
Indicated (158)  that molecular association was likely to involve hydrogen bonding between the 
hydroxyl group of the polysaccharide molecules. The retrogradation of amylose In aqueous 
solution, which is caused by molecular aggregation leading eventually to precipitation, Is 
well-known 	; amylopectin has been reported 	to forti tetromer aggregates, possibly 
tied to a protein nucleus, in solution; and the aggregation of potato starch in solution Is 
reported 
(161) 
 to be more prevalent in fresh samples of starch. 	Glycogen interacts with 
several proteins, e.g., myosin, and forms an insoluble complex with concanavo!tn 
polysaccharides having branched structures are reported 
(163) 
 to form complexes with proteins 
(85) 
more readily than structures consisting of tong non-branched chains, and the fibrillar 
proteins form such complexes more readily than the globular proteins. 	Conductometric 
titration studies of the gum exudate of Sterculia urens have indicated M)that the gum 
molecules form aggregates In solution, and ultracentrifugation studies on Khaya senegalensis 
gum have revealed 	that this highly-acidic polysaccharide forms aggregates in 0. 1 
sodium chloride In the presence of calcium Ions. 
In recent years, there has been on upsurge of interest in the covalent-linked protein-
(166) 
carbohydrate complexes 	. The carbohydrate prosthetic group is frequently linked 





 and human 1-globulin 
(171), 
 or through 
xylose, e.g., in heparin (172) , chondroltin 4-and 6- sulphate
(173) 
 , and dermatan sulphate 74 
Linkages to protein have been proposed for several amino acids; through serine, eg • . In 
(172, 75) 
heparin 	, and chondroitin 4-and 6-sulphate
(176) 
 ; through serine and threonine, 
e.g., in bovine(177) andOvine (178) Subniaxlllaty gland glycoprot&ns, and a glycoamylase 
(179) 	 (1 	 (170) 
from Aspergflhis niger 	; through asparag mc, e.g., in ovaibumin , and ovomucold 
(181,182) 
and through hydroxytysine, e.g., in collagen 	. 	The usual method of identification 
of such linkages involves the isolation, after enzyme digestion of the glycoprotein, of 
gtycopeptide fragments which can be characterised. 	Several model compounds exhibiting 




have been synthesised In order to study their stability to hydrolysis, 
and the effect of various reagents upon them. Linkages through the hydroxyl groups of 
serine and threonine have also been proposed on the basis of alkaline elimination and 
reduction experiments 6;  in such cases, glycosiaically-lInked serine (I) Is converted 
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H 	 H 
CH  - C—NH—R2 	 CH 3 —CH — C - -NH —R2 
0 	CO 	 0 CO 
I I I 	I 
R 1 	R 3 	 R 1 R 3 
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R 1 	= carbohydrate prosThetic group 
R2 , R3 = polypeptide chains 
Figure 4.7). 	Schematic representation of 6 -elimination and reduction 
of O-glycosidkally linked serine and threonine in proteins. 
(86) 
to alarilne (II), and glycosldkally-linked threonine (Ill) to ot -am1no-n-butyrIc acid (IV) 
(figure 4.7). 
Apart from the aggregation effects observed 	In solutions of Stercu! to urens 
andKhaya senegalensis gums, molecular association in plant gums has received little 
attention. This section presents observations which Imply that complex aggregation effects 
may be more widespread in solutions of plant gums than has previously been realised. 
4.5) RESULTS 
PREUtlNARY MCIECULAR-SIEVE C1IRCMATC'GRAPHIC STUDIES OF 
ACACIA GUM EXIJrATES 96 - The crude and purified forms (5-10 .) of the gum 
exudates from eight Acacia species, viz:- A.arab (140) 
	 (131) 
icc 	if A. campy lacantha, 	A.laeta 
(107) 
	043) 	on tha 1 ", A 	
087) 
.nublco 	, A.pycn 	 .sonegal 	(specimens QNI and 
BB(a) ) and A,seyal 41 were examined on a column of "Sepharose 411" (50x2.G cm.), using 
1M sodium chloride as eluant; fractions (2.0 ml.) were collected and analysed for carbo-
hydrate by the phenol-sulphuric acid method 22 . 	The void volume ('s'0) and internal 
volume (V 1) of the column were found using "Blue D,:<tron 2000" and sucrose, respectively. 
Some of the elution diagrams obtained are shown in figure 4.8. 	Eight purified gums gave 
elution diagrams involving two peaks, one eluted at V 0 and the other in the molecular-
sieving range of the column; purified A.pycnantha gum gave a single peak which was 
eluted at Vi * The purified gums fromA.compylacantha ,A.nubica and A.seyal gave 
smaller peaks at V0 than A.arablca, A.ntlotica and A.senegal gums; for A.Iaeta gum, the 
peak occurring at V0 was the major peak In the elution diagram. 	Table 4.8 gives the 
elution volumes of the components found In each gum, and the weight-overage molecular 
(87) 
TABLE 4.0 
ELUTION VC LUM ES AND WEIGHT-AVERAGE MOLECULAR WEIC HIS C F AACIA GUMS 
Gun 
"a of purified 
samples (ml.) 
Ve  of crude 
samples (ml.) 
N 	irifted 
sampies( 142 ) 
A.nUotca 60 0 	76 76 2,270,000 
A.arobko , 	 7. 80 1,8700 000 
A.nublca (), 90 870,30 
A.seyai 60, 	90 90 8500 000 
A.laeta 600 	95 95 725,000 
A.senegal(QNI) 60 0 	102 100 600,000 
A.snegal(BB(a) 
) 60, 	102 102 - 
A.compylociintha 60, 	110 113 312,033 
A. pycnantha 120(V0 ) 123 60,000 
weightsVw which have been reported i42) fbr these gums; figure 4.9 depicts a graph of 
log VW  versus elution volume Va  (of the components eluted In the molecular-sleving range 
(188) 
of the column) for these gums 
Elution of crude A.pycnantha gum gave an elution diagram Identical with that of 
the purified gum. The other crude gums examined gave only one peak, which in each 
case occurred reproducibly at the same elution volume as the second peak of the corres-
ponding purified gum. 
The presence of a high molecular weight component In the purified gum samples 
therefore appeared to arise during the purification and storage of the gums. These 
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Figure 4.8 ) 	Elution diagrams of "Blue Dextran 2000 ", sucrose, and some Acocp gum 
exudates on "Sepharose 4B 






















Figure 4.10) 	Apparatus for automated molecular-sieve chromatography 
(89) 
possibilities were further examined using the QNI specimen of A.senegal gum. A 
solution of crude gum was prepared, filtered and stored for four days; the solution was 
mode 2 M with respect to sodium chloride, and chromatographed on a column of "Sepharoso 
4B ". No peak was observed at the void volume of the column. A similar gum solution 
was filtered, dialysed, freeze-dried and immediately chromatographed on "Sepharose 4B"; 
no peak at the void volume was obtained. The QNI sample of gum whose elution diagram 
Is shown In figure 4.8 had been purified by dialysis and freeze-drying one year previously. 
This suggests that the apparent heterogeneity observed in purified, freeze-dried A.seneal 
gum could have arisen during the period of storage involved. 
A further study of the nature of this phenomenon In A.campylocontha gum was under-
taken. 	However, the desirability of on automated technique for molecular-sieve chroma- 
tography of plant gums,, which would facilitate large numbers of experiments, and which 
would give reproducible results and higher sensitivity than the phenol-sulphuric acid methoJ 22 
of sc,eedng large numbers of small fractions, became apparent. 
AN AUTOMATED TECHNIQUE FOR MOLECULAR-SIEVE CHROMATOGRAPHY 
OF POLYSACCHARIDES - Several method are available for monitoring chromatographic 
columns automatically. 	These Include differential 	
(189) 
 , spectroscopy 190), 
radioactive labelling 	, flame-lonisation, conductivity
(192,193) 
 and differential 
(194) 	 (195) 
vapour pressure 	detectors, and polorography 	. 	Not all of these techniques are 
applicable to column effluents containing polysaccharlde, and the object of the present 
exercise was to design a suitable technique utilising available laboratory equipment. 
Dudman and Bishop recently described 	the use of dyes of the 'Procion" range 
(I .0 .1. Ltd.) to study the electrophoretic behaviour of polysaccharldes on cellulose acetate 
(90) 
film. 	A typical commercial dyeing procedure was used to stain the potysaccharldes, 
and the coloured derivatives isolated were studied by electrophoresis. 	Using this 
technique, the difficulties normally encountered In locating polysaccharide bonds after 
zone electrophoresis are eliminated. The authors mentioned 	the possibility of 
using the dyed polysaccharides to monitor the behaviour of the parent polysaccharides 
on gel filtration, or In other chromatographic system. 
In the system designed In this study, the column effluent was passed directly into 
a stoppered glass cell (3 ml.) in a "Unicorn SP 1300" colorimeter (tube A, figure 4.10). 
The cell outlet tube (tube 8, Figure 4.10) adjusted In length to give an Internal cell 
volume of ca. 1 ml., was connected to a water-pump via a measuring cylinder (250 ml.). 
The suction applied to the system maintained a constant cell-volume, but a third tube 
(tube C, figure 4.10) was left open to the air to ensure that no suction was applied to the 
gel bed in the column. 	Polythene capillary tubing was used throughout for all connections. 
The calorimeter light beam was attenuated to below the solution level in the cell, and the 
output from the colorimeter photocell was supplied to a recorder; with a "Servoscribe 
Type RE 512" recorder, a direct connection at a recorder Input impedance of 5 my was 
satisfactory; with a "Kent Mk.3" recorder, a 'Vbron Model 338 Electrometer" was used 
as an impedance-matching device, and the Input impedance resistor of the recorder was 
adjusted from 1 to 2.5 .fl 	to give a recorder deflection of 10 inches at minimum output 
from the photocell. 	These particular combinations of instruments are, of course, not 
unique. 
Polysaccharides were dyed according to the procedure of Dudman and BIshop; 
polysaccharldes (50 mg) in water (5 ml.) were mixed with Fresh solutions of Procion 
(91) 
Brilliant Red M-28 dye (50 mg.) in water (5 ml.). 	After 5 minutes sodium chloride 
(200 mg.) was added and after 30 minutes sodium carbonate (10 mg.) was added. The 
solutions were left overnight at room temperature, then applied to a "Sephodex G-25" 
column (35x2.5 cm.); elution with water separated the inorganic salts and residual dye 
from the dyed polysaccharides, which were eluted at the void volume of the column. 
After freeze-drying, the dyed polysaccharides (1 - 3 rig.), in 2 M sodium chloride, were 
applied to columns (35x].5 cm.) containing the appropriate molecular sieves. 	Elution 
was carried out at flow-rates of 0.5 - 1 mi./min., using 1M sodium chloride; automated 
analysis, using the calorimeter filter 3 (495 - 575 nm), then took ca. 2 hours. 	in 
practice, the elution rates of columns were found to be constant over the period of any 
one chromatographic run, and It was usually sufficient to record the volume of effluent 
In the measuring cylinder at the beginning and end of the experiment; the elution volumes 
of components could then be estimated by Interpolation. 	As the calorimeter photocell- 
output was logarithmic, and the recorder scale linear, accurate estimates of peak heights 
and areas were obtained by calibrating the recorder chart-paper for different readings on 
the calorimeter scale. 	Some of the dyed polysaccharides gave elution diagrams showing 
a small, slow-eluting peak having the some elution volume as free dye. 	This peak was 
not always reproducible when the polysacchorldes were redyed and examined, an:' 
probably caused by some free dye which had not been separated from the polysacchari 
or which had been hydrolysed from the dyed polysaccharide on storage. Comp1et' 
c_v r,I /' nin •v' ry.Jy-!i 	 r' 
(92) 
on columns of uS ephae  4B" and "Si-Gel A-5°. 	Similar elution diagrams for 
each of the polysaccharides were obtained with both columns, Indicating that the exclusion 
limits of both gels must be of the same order. The elution diagrams obtained for some of 
these polysaccharides are shown in figure 4. 11 . 
A comparison of the molecular-sieving properties of A.campylacantha gum and Its 
Procion Red derivative was obtained by chromatography on a column (394 cm.) of "Sepharose 
4B" - 
(I) 	A sample of purified gum (6 mg.) In 2 M sodium chloride (1 ml.) was applied to the 
column and eluted with 1 M sodium chloride. 	Fractions (2.1 ml.) were collected and 
analysed by the phenol-sulphuric acid method (figure 4.12, A). 
(ii) 	A sample of dyed gum (10 mg.) was applied to the column and eluted as In (I). 
Fractions (2.1 ml.) were collected and screened directly at 495-575 nm (figure 4.12, B). 
(III) 	The column was connected to the automated monitoring system and the elution diagram 
of the dyed polysnocharide (10 mg.) obtained by this technique (figure 4.12, Q. 
The elution volumes of the components were found to be the some in each case; In 
(ii) cnc ON) the proportions of the component eluted at 'v were slightly greater than that In (i). 
FORMATION OF THE HIGH MOLECULAR WEIGHT COMPONENT OF 
A. CAM PY LACA NT H A GUM. - The preliminary studies of Acocta gum exudates 
indicated that the high molecular weight components appeared to form after storage of the 
gum samples. 	A more detailed analysis of the effects of purification and storage of 
A.campylacantha gum was undertaken, utilising the automated molecular-sieve chroma-
tographic technique described. The results,obtained by chromatography on a column of 
"Rio-Gel A-5", using 1 M sodium chloride as eluant, are shown In figure 4.13. Crud. 
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Figure 4. 11) 	Elution diagrams of several dyed Acacia gums and dyed 
dextran fractions on " Bio-Gel A-5 ". 
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Figure 4.12 ) Elution diagrams of A -Campy  lacaritha gum and its dyed derivative 
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Figures 4.13) 	Elution diagrams of A.campylacantha gum on " Bo-Gel A-5 
at various stages of purif ication and storage. 
(93) 
A.campylacantho gum (5.0 g) was dissolved In distilled water (100 ml.). 	After ca. 1 .5 
hours, a portion (1 ml. a 50 mg. gum) was withdrawn, dyed immediately then chromatographed 
(figure 4.1', A). 	A further portion (80 ml.) was added to on excess of alcohol; the 
precipitated polysaccharde was isolated by filtration and drying, and a portion (50 mg.) 
was dyed immediately then chromatographed (B). 	After storage for 3 months, a further 
portion was dyed then chromatographed (C). 
The remainder of the 'rude gum solution (19 ml.) was dialysed For 48 hours against 
running tap-water, and a portion (1 ml.) withdrawn, dyed immediately and chromatographed 
(D). 	The dialysed solution was Freeze-dried; this required ca. 15 hours, and a portion 
(50 mg.) was dyed Immediately and chromatographed (E). The remainder of the freeze-dried 
polysoccharide was freeze-dried for a further 7 days, and a portion (50 mg.) was dyed Imrned-
lately and chromatografthed (F). 
A portion (50 mg.) oFA.compylacanthd gum which had been purified, two years 
previously, by dialysis and freeze-drying, and used for the structural study described in 
Section IV.A, was dyed and chromatographed (C, cf. figures 4.8, 4.11 and 4.12). Another 
sample of A.caipylacantho gum, purified 2 years previously by electrodlalysis and freeze-
drying, was examined likewise (H). The elution volume of 	major component, which 
was eluted within the molecular-sieving range of the column, was the some for both of these 
samples. 
All further studies in this Section on "purified" A.campylacantho gum relate to the 
sample which gave elution diagram 4.13, C. 
PRCTEIN COMPCNENTS OF A. CAMPY LACANTI-IA GUM. - 	Portions of 
purified A.campylacantha gum (50 mg. E 1 • 15 mg. protein), in 2M sodium chloride (2.5 ml.) 
were chromatographed on columns of "Blo-Gel A-5" (35x1 .5 cm.) and TMSepharose 411"(90 cm.); 
(94) 
the column effluents were automatically monitored at 254 nm. 	The results, along with 
those obtained for dyed A.campylaccintha gum, are shown in figure 4.14. 	In each case, 
three components were observed; the first was eluted at V 0 on both columns; the second was 
eluted within the molecular-sieving ranges of the columns, and had the same elution volume 
as that of the major carbohydrate component of the purified gum; and the third component 
was eluted at V1 on both columns. 
Portions of purified A.campylaccintha gum (2% and 0.5% in 0.5 M sodium chloride) 
were examined by ultracentrifugation at 44,770 r.p.m. 	Photographs were taken simultan- 
eously every 20 minutes, using, (I) light of wavelength 254 nm, and, (ii) a Schlieren optical 
system. The ratio of polysaccharide to protein in the gum was calculated, on the basis of 
the Kjeldahl nitrogen value, to be 42 to 1, and the SchHeren boundaries obtained were there- 
fore considered to be more representative of the polysaccharide, rather than protein, component. 
The solutions initially showed uniform absorption of ultraviolet light; after 20 minutes the 
absorbing material separated into two areas; one, a sharp band at the meniscus of the solution, 
and the second, a diffuse region spreading from the Schlieren boundary to the bottom of the cell. 
Successive photographs showed the sharp band at the meniscus to sediment Immediately behind 
a single Schlleren boundary; the other material sedimented more rapidly to the bottom of the 
cell. 
FPACTICNATION OF A.CAMPYLACANTHA GUM. - Purifleci A.campylacantha 
gum (1.06 g., dry weight) was fractlonotd on a "Sepharose 48" column (39xi cm.) in ten 
consecutive portions. 	The elution diagrams of the purified gum on this column are shown 
In figure 414. 	Portions (ca. 0.1 g.) of the gum in 2M sodium chloride (5 ml.) were 
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Key: 	 elution diagrams obtained for dyed polysaccharides 
elution diagrams obtained for polysaccharides at 254 nm. 
A 	Sepharose 4B " column (390 cm.) showing fractionation 
B " Bio-Gel a-5 "column (35x 1.5cm.) 
C 	" Bio-Gel A-5 " column (35x 1.5cm.) showing fractions I and II. 
Figure 4.14 ) 	Elution diagrams of polysoccharide and protein components of 




elution volume elution volume 
K ey: 
	
(see figure 4. 14 for key to elution curves) 
Figure 4.15 ) 	Elution diagrams of polysaccharide and protein components of 
A.campylacanlha gum on - A - "Porasil E" 
13 - "Sepharose 2B 
(95) 
were collected. The contents of tubes 24 to 39, 	to 79, and 86 to 100 (figure 4.14) 
were combined to give fractions 1, II and III, respectively, which were stored at 
50• 
 After 
the fifth fractionation, the resolution of the column was checked; purified A.campytacantha 
gum (6 mg.) was eluted and the fractions (2.1 ml.) collected were analysed by the phenol-
sulphuric acid method 2 . The elution diagram obtained was Identical to that obtained 
Initially (figure 4.14). 	A further five portions (cc. 0.1 g.) of purified gum were then 
fractionated, as before; after combination of the fractions from all ten runs, the resulting 
fractions I, II and ill were dialysed for 48 hours against running top-water, filtered, and 
freeze-dried. 	Fraction I (124 mg., dry weight) was recovered as a cream-coloured product; 
fraction 11 (658 mg., dry weight) as a white product; and fraction III (37 mg.) as a pale 
brown product. 
Portions (10 tog.) of fractions I and II were dyed and chromatographed on a "Blo-Gel 
A-5" column (35x 1.5 cm.) using 1 M sodium chloride as eluont. The elution diagrams, 
obtained by the automated technique, are depicted in figure 4.14. 
The values obtained for the moisture and nitrogen contents, specific rotations, 
molecular weights, galactose to arobinose ratios, and formic acid liberated and perkdate 
reduced after 100 hours, for 0.5% solutions of polysaccharides in 0.125M sodium meta-
perlodate (4 ml.), are shown for fractions I and II In Table 4.9; these values are compared 
with the corresponding data obtained for the unfractionoted purified gum. The values For 
the liberation of formi acid from fractions I an II, obtain ec by titration with standard 
sodium hydroxide, were bced on small (ca. 3.2 mi.) titres and the data may therefore be 
inaccurate. The main differences observed between A.compylacantha gum, and fractions I 
and II, were in molecular weight and nitrogen content. As no major differences in the 
(96) 
TABLE 4.9 
ANALYTICAL DATA FCF A.CAMPYLACANTHA GUM, AND FRACTIONS I AND II. 
A. campylacantha 
gum 
Fraction I Fraction II 






Nitrogen, % 0.37 1.52 D.28 
Protein, 	(%Nx6.25) 2.31 9.50 1.75 
10 3.12 22.0 ° 
Galactose : arabinose 1.49: 1.00 1.44 : 1.00 1.39 : 1.00 
Formic acid released (mmoles/g.) 1.61 1.04 1.40 
Perlodote reduced (møoles/g.) 6.4 6.20 6.28 
Notes : (a) values assume the dn/dc value obtained for A.campylacantha gum; 
(b) values obtained after hydrolysis for 7.5 hours at 1000  with 1 N sulphuric acid. 
nature of the carbohydrate were found, fraction I appears to be formed by molecular 
association of the polysaccharlde constituting fraction Ii. 
Fraction III, which was isolated In insufficient amount for detaiI& study, was found 
to be only ca. 50% water-soluble. 	A portion (18 mg.) was added to 2 sciurn chIorid 
(1 ml.) one after 1 hour the suspension was centrifuged; the cantrifugote was applied to a 
"Sephodex G 
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Figure 4.16) - Elution diagrams of fraction lii on "Sephadex G-25" using (A) IM sodium 
chloride, and (B) IM sodium chloride-7M urea - 0.005% DTT - 0.05M tris 
buffer, pH 9.0, as eluants. 
(97) 
was monitored automatically at 254 nm. 	The column was calibrated for void volume (V0) 
by ovalbumin (molecular weight 45,000) and for internal volume (V1) by tyrosine (molecular 
weight 181). 	The alution diagrams obtained are shown in figure 4.16 (A). 	As molecular 
weight standards were not available for the molecular-sieving range of "Sephodex G-25", 
the exclusion limits 	
(195)
ts of 5,500 to 1000 reported 	for polypeptidas were assumed; this gave 
values (figure 4.16) of 2,200 and 1,600 for the molecular weights of the two components eluted 
in this range. These values must be regarded as very approximate In view of the fact that the 
nature of these polypeptide components was unknown. A second portion (18 mg.) of 
fraction Ill was added to a solution of 2M sodium chloride - 8M urea - 0.1% 1,4-.dithiothreitj 197 
- 0.05M tris buffer, pH 9.0(19.  After 24 hours In this denaturing solvent, the solution was 
centrifuged, the centrifugate applied to the "Sephodex G-25" column, calibrated for void 
and Internal volumes,as before, and eluted with 1 M sodium chloride - 7M urea - 0.005% 
dithiothreltol - 0.01A fris buffer, pH 
9•98), 
 the column effluent was monitored automatically 
at 254 nm. The elution diagrams obtained are shown in figure 4.16 (8). The values obtained 
for the molecular weights of the two components which were eluted in the molecular sieving 
range of the column were deduced, as before, to be approximately 2,200 and 1,600 (figure 4.16). 
FURTHER CHROMATOGRAPHIC STUDIES, AND THERMAL STABILITY, OF 
A.CAMPYLACANTHA GUM. - Portions of dyed, purified A.compylacantha gum were 
chromatographed on columns (35x1.5 cm) of "Porasil E" and 'Sepharose 28', respectively, 
using 1 M sodium chloride as eluant. 	Both molecular-sIeves are applicable to higher mole- 
cular weight ranges than either "Sepharose 48" or "BIoCel A-5" (manufacturer's data). 
In addition, a portion (50 mg.) of purified A.compylacantha gum was chromatogrophed on 
the "Porasil E" column, and the column effluent monitored automatically at 254 nm. The 
(98) 
results of these experiments are depicted In figure 4.15. 
A 1% solution of purified A.campylacantha gum In 1M sodium chloride was prepared,'  
light-scattering measurements gave a value Forlt of 332,000 at 28 ° . The temperature of 
the solution was Increased over a period of 4 hours to 50° , and the scatter of light recorded 
every 	rise. A gradual decrease in rv, was observed,until, at 50
0 
 , the value obtained was 
296,000. 
EFFECT OF DIFFERENT SOLVENTS ON A.CAMPYLACANTHA GUM. - The effect 
of various solvents on the gum was studied In an attempt to ascertain the nature of the molecular 
association, which appears to arise when the gum is In solution or stored In the freeze-dried 
stat.. 	Portions (0.25 g.) of purifiedA.campylacantha gum were treated with portions 
(50 ml.) of 0.25M borax, 0.5M hydrochloric acid, 2M potassium thiocyancite, 0.5M sodium 
borohydride, 2 sodium hxametaphosphate, 0.5M sodium hydroxide, 0.25M sodium boro-
hydride - 0.25M sodium hydroxide, and 7M urea, respectively, for 48 hours at 5°; solutions 
were dialysed for 48 hours against running tap-water and freeze-dried, which gave, In each 
case, a quantitative recovery of polysaccharide. 	Portions (50 mg.) of the solvent-treated 
polysaccharides were Immediately dyed and chromatographeci an a MBio_G eI A_5I* column 
(35x1.5 cm.) using 1M sodium chloride as eluant. The results obtained, along with that 
of a control experiment using distilled water as solvent, are shown in figure 4. 17. 	in each 
case, the elution volume of the major carbohydrate component was the same. Sodium 
hydroxide and sodium borohydrde were found to be the most effective solvents for dis-
aggregating the polysaccharide; after 3 months storage, further portions of the polysaccharldes 
recovered after treatment with these solvents were dyed and chromatographed on a "Bb-Gel 
A-5" column; the elution diagrams obtained were identical to those obtained for the 
3M NaCl 








Figure 4.17 ) 	Elution diagrams of A.campylOcantha gum on " Bio-Gel A-5 
after treatment with different solvents. 
(99) 
polysaccharldes Immediately after solvent-treatment (figure 4.17). 
Both sodium borohydride and sodium hydroxide are known to rupture disulphide 
linkages In proteins, the former by reduction (199)  and the latter by a complex series of 
reactions not completely undentood 2 . 	A further portion (250 mg.) of purified 
A.campylacantha gum was therefore treated with ci solution (50 ml.) of 0.1% dithiothreltol 
(OTT) - 0.05M tris buffer, pH 9.0( 197)  for 48 hours at 50 . 	After dialysis and freeze-drying, 
a portion of the recovered polysaccharlde was dyed and examined on a 'BEo-Gel A-5" column; 
the elution diagram obtained, shown In figure 4.17, Indicates that only a small proportion of 
high molecular weight material was disaggregated by this solvent. 
PROTEIN ANALYSIS OF A.CAMPYLACANTHA GUM. - A portion of purified 
A.campylacantha gum (50 mg., dry weight, a 1.16 mg. protein) was hydrolysed and examined 
for amino acids; the results obtained are shown In Table 4. 10. The amino acid composition 
was similar In several respects to those of Araucarla araucona and A.columnaris gums (Section III); 
a small amount of glucosamine was detected, and the major amino acid found was serine. 
A further amino acid analysis was carried out on a portion (50 mg.) of the purified 
gum which had been treated with 0.25M sodium borohydride - 0.25M sodium hydroxide; 
the results obtained are shown in Table 4.10. 
A portion (50 mg.) of crude A.campylacaritha was chromatographed on a column 
(35x1.5cm.)of "Blo-Gel A-5", using 1M sodium chloride as eluant; the column effluent 
was monitored automatically at 254 nm. The elution diagram obtained Is shown In figure 4.18. 
One of the components eluted in the molecular-sieving range of the column corresponded In 
elution volume to the major polysaccharide component of the purified gum (figure 4.18). 
Portions (50 mg.) of the polysaccharides obtained by treatment of purified A.campylacantha 
(100) 
TABLE 4. 10 
AMINO ACID ANALYSIS OF A. CAMPYLACANTftA GUM. 
A. camIocantha gum NaBH 4,/NaOH treated 
A.campylacantha gum 
Lysine 47 45 
HIstidine 42 42 
Ammonia (a) (a) 
Arginlne 12 Ii 
Tryptophan (b) (b) 
Aspartic acid 111 III 
Threonlne 88 94 
Serine 169 170 
Glutamicacir! 64 69 
Proline 102 108 
Glyclne 59 57 
Amine 42 39 
Cystine (b) (b) 
VaIlne 67 66 
Methionine 4 4 
Isoleucine 31 27 
Leucine 76 75 
Tyrosine 31 29 
Phenylalanlne 46 43 
Unknown component trace trace 
Glucosamine 9 10 
Recovery of nitrogen 484 49% 
Values are expressed as , moles per 	1000 	,moles amino acids. 
Notes: (a) values Included only in total recovery of nitrogen; (b) present but not 
determined; (c) values expressed as a percentage of K jeldahi nitrogen. 
(101) 
gum with 0.5 M sodium borohyciride, 0.5M sodium hydroxide, 0.25M sodium borohydrlde - 
0.25M sodium hydroxide, Dii, and that from the water-control experiment, were similarly 
chromotographed; the elution diagrams obtained are shown in figure 4.18. In each case, 
the component which was eluted In the molecular-sieving range of the column had the some 
elution volume as that of the major polysacckarlde component of the purified gum. 
MOLECULAR-SIEVE CHROMATOGRAPHY OF A.CAMP(LACANTHA GUM IN 
MINNOMMONa- 
DIFFERENT SOLVENTS. - Portions of purified A.carnpylacantha gum were chromotographed 
on a column (350.5 cm.) of "Bb-Gel A-5", using, as eluants, 
(1) 	1 M sodium chloride, 
(ii) 	1 M sodium chloride - 0.005 DTT - 0.05 M his buffer, pH 9.0, 
(Ill) 	1M sodium chloride - 7M urea - 0.005% DII - 0.05M tris buffer, pH 9.0. 
The results obtained using 1 M sodium chloride as eluant have been mentioned previously 
(figures 4.11, 4.14 and 4.18). 	A portion of dyed, purifiedA.campyiacontha gum was 
chromatographed using eluant (II). 	A portion (50 req.) of purified gum was dissolved in 
2M sodium chloride - 0.1% DTT - 0.05M Iris buffer, pH 9. 0, and after 24 hours chromato- 
 fk;:n, :ortmucusly men itor' ct 	n i, wasqraphed uhr eluant (); the olumn  
collected n Fr=tions (1 .E ml.), UsInALrop_ount.r cin crarton.ollfCtor, (:n portions 
(0.1 ml.) of these fractions were withdrawn and analysed for carbohydrate using the phenol-
sulphuric acid method Z. 
The column eluant was changed from (ii) to (iii); after equilibration in eluant (ill), 
the length of the gel bed had decreased by 2 cm., and the maximum flow-rate achieved in 
eluant (ill) decreased by ca. 50%. A portion of dyed, purified A.campylocantha gum 
was chromatographed using eluont (UT). A portion (50 req.) of purified A.campylaccrntha 




Figure 4. 18) 	Elution diagrams, obtained at 254 nm, of A.campylacantha gum on 
Bic 	el A-5 " after treatment with different solvents. 
Optical 
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Figure 4.19 ) 	Elution diagrams of A.compylccantho gum on Bio-Gel A-5 "using 
(A) IM sodium chloride - 0.005% DTT - 0.05M tris buffer, pH 9.0, 
and, (B) 1M sodium chloride - 7M urea - 0.005% DTT - 0.05M tris 
buffer, pH 9.0, as eluants. 
(102) 
gum was dissolved In 2M sodium chloride - 7M urea - 0.1% DII - 0.05M his buffer, 
pH 9.0, and after 24 hours, was chromatographed using eluant (lit); the column effluent 
was continuously monitored and fractions were collected and analysed for carbohydrate, as 
before. The elution diagrams obtained in these experiments are shown In figure 4.19. 
The void volume of the column obtained in eluant (ifl) was smaller than that obtained 
In eluont (Ii), and the elution volume of the major polysoccharlde component was considerably 
smaller in eluant (1W. The possibility that urea had promoted aggregation was not sub- 
stantiated by light-scattering measurements, which gave a value For VW of purified A.campylacantha 
gum of 335,000, using 7M urea as solvent. 
The column eluant was changed from (iii) to (I); the maximum flow-rate achieved, 
and the length of the gel bed, were not increased. A portion of dyed, purified A.compylacantha 
gum was chrornatographed, and the elution diagram obtained, shown in figure 4.19, Indicated 
that the void volume of the column was the some as that obtained In eluant (iii); however, 
the elution volume of the major polysaccharide component was found to be considerably 
Increased In eluant (I). 
4.6) DISCUSSICN 
The examination of several purified Acacia gum exudates on a column of "Sephorose 4B' 
yielded, with the exception of A.pycnantha gum, two polysacchorlde components; one of 
these components was excluded, in each case, at the void volume of the column. This 
apparent evidence of heterogeneity is important, since structural studies of Acacia gum 
exudates have frequently been interpreted 13 hu 140
s 141, 143) 
on the basis that the polysaccharides 
are homogeneous, largely on the absenc: of marked discontinuities involving electrophoresis 
(O3) 
and Ion-exchange chromatography. 
The elution diagrams of purified A.arabica and Citrus limonla gums, obtained by 
molecular-sieve chromatography on Bio-Glas 500 have been reported 	to show a 
shoulder at V0  In addition to the major polysaccharide peaks. This feature was thought
(201) 
 
to be due to the termination of molecular-sieving at the void volume of the column; in this 
study, molecular-sieve chromatography of purified A.arablca gum on "Sephorose 48" (which 
gives molecular-sieving over a larger molecular weight range than "Blo-Glas 500" ) resolved 
this shoulder into two peaks. 	Molecular-sieve chromatography of several purified Araucaria 
gum exudates has given elution diagrams Involving small peaks at or near the void volume on 
a column of "Bio-Gel P300" In addition to the major polysaccharide peakP. It therefore 
appears that the purified gum exudates from genera other than those from the Acacia genus 
can exhibit high molecular weight components on molecular-sieve chromatography. 
It is of interest that, on "Sepharose 48", the elution volumes of the components of seven 
Acacia gum exudates which were eluted In the molecular-sieving range of the column gave a 
linear graph 	when plotted as a function of log ,; A. pycnantho gum was not eluted 
within the working range of the gel, and this probably explains why the results obtained for 
this gum did not fit the graph. The values of lV reported 
(142) 
 for these gums would be 
expected to depend on the relative amounts of high molecular weight material present In 
the gums and It Is therefore surprising that this graph did yield a straight line. 
The samples of crude gums examined did not give peaks at V0 and it therefore appeared 
as If the high molecular weight material hod arisen during purification and storage of the gum 
samples, possibly as an artefact. A sample of crude A.senegal gum did not give a peak at 
V0  on chromatography; and immediately after purification and freeze-drying, no peak at V0 
(104 ) 
was obtained. 	The high molecular weight material therefore appeared to have arisen 
during storage of the gum. 
To Facilitate further studies of this phenomenon, an automated technique for molecular-
sieve chromatography of poiysoccharides was evolved. 	The technique utilised the staining 
reaction observed 	between Proclon dyes and the hydroxyl group of polysaccharides. 
The dyed polysaccharides were examined by molecular-sieve chromatography; column effluents 
were passed directly into a colorimeter cell, and the output signal from the colorimeter photo-
cell was supplied to a recorder which gave the elution diagrams. The dye chosen for the 
technique was 'Poc1on Brilliant Red M-28", although Proc1on Blue M-36t' dye (I.C.I.Ltd.) 
was also found to give satisfactory results. 	The technique gave excellent elution diagrams 
for the dyed derivatives of several Acacia gum exudates, and For dextron fractions of different 
molecular weights. These polysacchorldes were eluted in order of decreasing molecular weight; 
the accepted theories of molecular-sieve chromatography 40 , which predict this For homologous 
series of molecules, therefore appear to be applicable to such dyed polysoccharides in the 
chromatographic systems used. The technique has since been found (202)  to be applicable 
to a wide range of plant gum polysaccharides on several types of molecular-sieves. 
Experiments with purified Acampylacantha gum and Its dyed derivative gave similar 
elution diagrams on "Sepharose 48u ;  this suggests that the size and shape of the dyed poly-
saccharlde molecule must be the same as that of the original poiysoccharde, which Is 
surprising since the addition of dye molecules to the polysaccharide would be expected 
to Increase the molecular weight and effective shape of the polysaccharide molecules. 
Similar experiments with A.cyanophylla and A.laeta gums Indicated no changes in elution 
properties when the corresponding polysaccharides were dyed 2 ; these results are Important 
(105) 
In the Interpretation of molecular weight from the elution diagrams obtained. A further 
merit of the technique Is that the elution and separation of components can be observed 
visually; poor results, which might arise through skew elution of the polysaccharide bands, 
can easily be accounted for. 
The elution ia.irom ob cire for cycd A.carnpylacontha gum was similar to that of 
the original polysaccherde, except that the rlativc proportion of the peak eluted at V0 was 
slightly greater In the dyed polysoechorkie. This implies a preferential reaction of dye with 
the high molecular weight material; similar effects have been observed 20 with molecular 
aggregates in a histochemical staining reaction for protein-bound carboxyl groups. Dudman 
and Bishop found that the extent to which polysaccharides were dyed was Inversely 
proportional to the uronic acid content. 	It was observed In this study that A.cyanophylta 
gum (uronk acid, 25%) was not dyed so intensely as the other polysaccharides studied, which 
had lower sronIc acid contents. 	A sample of Khaya senegalensis gum (uronic acid, 43%(20 
was dyed even more weakly than A.cyonophylla gum, but nevertheless to an extent adequate 
for colorimetrk determination in the effluents from chromatographic columns. Unfortunately, 
the use of 'Procion dyes does not appear to be of general applicability to polysaccharkes, 
since a sample of 1-carrageenon (sulphate ester, 1O) did not react sufficiently in the dyeing 
process. 
A more detailed study of the formation of the high molecular weight component of 
A.campylacantha gum was undertaken, using the automated molecular-sieve chromatographic 
technique. A sample of crude gum did not contain a high molecular weight component, and 
neither did the alcohol-precipitated crude gum, even after 3 months storage. However, a 
small proportion of high molecular weight component appeared after the crude gum was dialysed; 
(106) 
the proportion Increased on subsequent Freeze-drying, although prolonged freeze-drying 
slightly diminished the relative amounts of this component. 	The largest relative pro- 
portions of high molecular weight material were observed In samples of freeze-dried gum 
purified by (1) dialysis, and, (It) elec trod talysts, two years previously. 	These results 
suggest that the high molecular weight material does not arise by molecular aggregation 
through polyvalent cations; the stability of the high molecular weight material to 1 M and 
2M sodium chloride further supports this view. The results obtained Imply that the high 
molecular weight component is slowly formed when the gum is In aqueous solution or Is stored 
In the freeze-dried state; this conclusion Indicates that all physico-chemical studies on 
A.campylocantha gum should consider, as an Important Factor, the methods of purification 
used. 
The nature of the protein constituents of A.compylacantho gum were observed by 
molecular-sieve chromatography on "Sepharase 48", and "Blo-Gel A-5'; the column effluents 
were monitored at 254 nm, a wavelength of absorption characteristic of the aromatic groups 
of several amino acids, and the disulphide linkage of cystine. The similar elution diagrams 
obtained on both columns Indicated a major protein component which was eluted at V0; this 
component would have an abnormally-hhh molecular weight for a protein (the upper exclusion 
limits for "Sepharose 48" and "Blo.Cel A-5" are several millions, according to the manu-
facturers' data), indicating some degree of association of lower molecular weight species, 
possibly with the polysaccharide component eluted at V0 . A second protein component, 
having the some elution volumes as the major polysaccharlde component of the gum, was 
eluted In the molecular-seving ranges of the columns; this suggests some degree of association 
between these protein and polysaccharide components. A third protein component was 
eluted at V1. 
(107) 
Ultracentrifugatlon of A.campylacantha gum revealed two protein components. 
The first appeared at the Schlieren boundary and gradually increased in conentration (as 
measured by the degree of absorbance of ultraviolet light) to the bottom of the coil; this 
material was probably that which was eluted at V0 , and in the molecular-sieving ranges, of 
the above columns. 	The second protein component appeared at the meniscus of the solution 
and sedlmented Immediately behind the Schiieren boundary; one explanation of this unusual 
behaviour Is that the relatively high concentration of sedimenting polysaccharlde had created 
a density gradient in which the protein had equilibrated; since this component sedimented 
behind the Schlleren boundary, association with polysaccharide was unlikely, and this com-
ponent was probably the some as that eluted at V1 on the above columns. 
Purified A.campylacantha gum was fractionated on a kSepharose  4B column, giving 
three fractions : - the protein-carbohydrate peals eluted at V. (Fraction I), the protein-
carbohydrate peak eluted In the molecular-sieving range of the column (II), and the material 
eluted at V1 (Ill). 	Fractions I and II, and the original gum, showed similar galactose to 
arablnose ratios, specific rotations and reduction of perlodate on oxidation. The original gum 
and fraction II liberated similar amounts of formic acid on perlodate oxidation; the smaller 
release of Formic acid found for fraction I may have been inaccurate due to the small scale 
of the experiment performed. 	Fractions I and II showed a large difference In molecular 
weight; the value obtained for Fraction II may be more representative of the molecular weight 
of the crude A.campylacantha gum polysaccharide, as this fraction gave a similar elution 
diagram on "Bio-Gel A-5" to that of the crude gum. 	Large differences In the nitrogen 
contents of fractions I and II were found; this was not unexpected in view of the elution 
diagrams originally obtained for the protein components of the gum 
(108) 
These results suggest that the high molecular weight component of the gum arises 
through aggregation of the main polysaccharide component. The relatively-high amounts 
of protein found in the high molecular weight component Indicated that the aggregation of 
polysaccharide may have been caused, at least in part, by protein. 	in a previous fraction- 
ation study 	of A.senegal gum by sodium sulphate precipitation, the highest molecular 
weight fraction obtained was found to contain larger amounts of protein than the other, lower 
molecular weight fractions; this may simply have been due to more rapid precipitation of 
protein than polysaccharlde, although In view of the Initial experiments performed onA.senegal 
gum In the present study, the variation found in the amounts of protein may have been caused 
by an aggregation effect similar to that inA.campylacantha gum. 
The protein components of fraction lii, which was isolated in small amounts, were 
studied using a "Sephadex G -25" column with 1 M sodium chloride as eluant. The elution 
diagram obtained revealed two components of estimated molecular weights 2,200 and 1,600. 
A similar elution diagram was obtained using 1 M sodium chloride - 7M urea - 0.005% Dli' - 
0.05M fris buffer (198)  Indicating that neither of these components appeared to be formed by 
aggregation of lower molecular weight species through hydrogen bonding or disulphide linkage 
formation. The molecular weights of these components indicate a degree of polymerisation of 
10 - 20 amino acids, which means that these components are likely to be polypeptides rather 
than true proteins. 	In both eluants used, small peaks were found at the void volume of the 
column; these probably arose because of the difference between the lower exclusion limit of 
"Sepharose 411" (300,000 for proteins, manufacturer's data) and the upper exclusion limit of 
Sepharose (3-25 (5,500 for polypeptides 
The formation of hydrophobic bonds In macromolecules is an endothermic process and 
(109) 
these bonds are therefore more stable at higher temperatures 	. 	Light-scattering 
measurements Indicated that a small continuous decrease In the molecular weight of purified 
A.campylacantha gum occurred on gradual warming from 28 ° to 500;  this Implies that the 
aggregation of A.campylacantha gum is not a simple equilibrium system Involving hydrophobic 
bonding. Chromatography of purified A.carnpylacantha gum on "Porasil E" and "Sephorose 
28" yielded, in each case, small pecks at the void volumes of the columns; these results 
suggest that the high molecular weight material in the gum is not a discrete component, but 
rather that It Is formed of aggregates having a brood range of molecular weight. The upper 
exclusion limits of "Porasil E" and "Sepharose 28" are For molecules of diameter 150 nm and 
polysaccharide molecular weight 20,000,000, respectively (manufacturers' data); this Indicates 
that some of the aggregates formed are of very high molecular weight, and may perhaps contain 
as many as 100 polysaccharide "monomers". 	The peaks eluted at V.  on molecular-sieve 
chromatography of A.campylocantha gum therefore probably arise because of the termination 
of molecular-sieving at the void volumes of the columns. 
The effect of various solvents on purified A.campylocantha gum was studied; in each 
case a quantitative recovery of polysoccharlde was obtained after solvent-treatment, and the 
elution volumes of the major polysaccharide component were the some as that of the purified 
gum, indicating that little, if any, chemical degradation had been promoted by the solvents 
used. Any breakdown of aggregates by these solvents was expected to be much more rapid 
than subsequent re-formation 148 ; the elution diagrams obtained for solvent-treated 
A.campylacantha gum were compared with that obtained In a control experiment using 
water as solvent. 	No changes were observed after treatment with 3M sodium chloride or 
7M urea, indicating that aggregation effects produced by hydrogen bonding or electrostatic 
(1 O) 
Interactions were unlikely; further, the aggregated material appears to be stable to strongly 
acidic conditions. 	A slight decrease In the proportion of aggregated polysaccharlde was 
found after treatment with sodium hexametaphosphate, indicating that aggregation may have 
occurred, in port, through polyvalent cations
(205) 
 . although this conclusion is not supported 
by the elution diagram obtained by molecular-sieve chromatography of a sample of gum purified 
by electrodialysls, nor the stability of the aggregates to high concentrations of electrolyte. 
Treatment of the purified gum with sodium borohydride or sodium hydroxide resulted In almost 
.omplete breakdown of the aggregated material; the effectiveness of sodium borohydilde is 
unlikely to be due to its slight alkalinity (pH 9.0) nor small amounts of borate, since 0.25M 
borax (pH 9.2 ) did not have any effect on the aggregated material. It is Interesting that 
sodium borohydrlde has been found 
(77) 
 to be an effective solvent for the water-insoluble jelly, 
presumably of high molecular weight, from Acacia drepanolobium gum. The precise reasons 
for the disaggregation of A.campylacantha gum by these solvents is not known; sodium boro-
hydride would not be expected to modify any molecular sites of hydrogen bonding or electro-
static interactions, although precipitation of some polyvalent cottons, e.g., calcium and 
aluminium, and Increased salvation of the sites of hydrogen bonding, might be expected In 
0.5M sodium hydroxide. The reduction and degradation of the reducing end-groups of 
the polysaccharide molecules by these solvents is not excluded, and, on the basis of the 
experiments performed, the aggregation of A.campylacantha gum appears to arise through 
the formation of more stable, possibly covalent, linkages. 	Sodium borohydride and sodium 
hydroxide have been found to reduce 	and modify 
(200) 
 disulphide linkages in proteins, 
and the formation of such linkages has been postulated 	to be responsible for the 
aggregation effects Found in several proteins. 	Purified A.campylocantha gum was 
therefore treated with DTI under the some conditions as those of the other solvent experiments, 
but only a slight decrease In the proportion of aggregated polysaccharlde was found. 
Amino acid analysis of A.camlacantha gum revealed small amounts of glucosomine; 
the total recovery of amino acid nitrogen was 48 0/6, Indicating that some degradation of amino 
acids and glucosamine had probably occurred during hydrolysis (see page 49 ). 	On the 
minimum basis of one residue per polysocchorlde molecule, glucosamine would have to have 
_(1 06) 
undergone ca. 92% destruction; the expected extent of destruction was ca.8C% under the 
conditions of hydrolysis used. 	The major arnino acid founc was serine, which is unusual 
for proteins; together with the indications of protein-carbohydrate Interaction from molecular-
sieve chromatographic experiments, and the disaggregation of polysaccharide by sodium boro-
hydride and sodium hydroxide, this suggests that 0-glycosidic linkages of poiysoccharide to 
serine may have existed. Amino acid analysis of the sodium borohydride - sodium hydroxide 
treated gum showed no reduction in the proportions of serine and threonine; neither an Increase 
In the alanine content, nor any oc-aminobutyrfc acid, which would have arisen through 
-elimination and reduction of 0-glycosidically-Unked serine and threonine residues 
(figure 4.7), was found. The Interaction of protein and polysoccharide through such 
linkages therefore seems unlikely. 
A sample of crude A.campylacantha gum was examined on a "Blo-Gel A-5" column, 
and the column effluent continuously monitored for protein at 254 nm. Only a small amount 
of material was eluted at V0; a second component was eluted between V. and the major 
polysoccharlde component. This component was absent In the purified gum, and may there-
fore have been largely responsible for the aggregated protein eluted at V. in the purified gum. 
The crude gum also contained two Further protein components; one having the some elution 
(112) 
volume as the major polysoccharide component, and the other eluted at V 1 . The 
polysoccharldes obtained after treatment of purfied A.compyiacantha gum with sodium 
borohydride, sodium hydroxide and OTT were examined In a similar fashion; the elution 
diagrams obtained were similar to that obtained for the purified gum, indicating that either 
no disoggregation of protein had occurred In these solvents, or that rapid re-aggregation had 
taken place during the removal of the reagents by dialysis, and freeze-drying. A larger 
proportion of aggregated protein was observed after treatment with Dli, indicating that 
disaggregation followed by re-aggregation was a more likely explanation in this case. 
The disaggregation of protein In A.campylacantha gum was therefore studied using 
a "Blo-Gel A-5" column, with sodium chloride-D1T and sodium chloride-urea-DTI as eluants. 
In both cases, no significant reduction In the proportions of aggregated polysacchorlde was 
observed, but the protein aggregates were successively broken down by sodium chloride-DTT 
and sodium chloride-urea-OTT, Indicating that the aggregation of protein Involved the form-
ation of hydrogen bonds and disulphide linkages. 	Whether all the protein material existed 
Initially In the crude gum nodules as the low molecular weight polypeptides eluted by sodium 
chloride-urea-Dfl at V1 is uncertain; this denaturing solvent (198) would also rupture any 
secondary structure found in a true protein. The absence of any protein in the molecular-
sieving range of the column using this solvent suggests that covalent linkages between protein 
and polysaccharide do not exist. The elution volume of the major polysaccharide component 
In sodium chloride-urea-OTT as eluant was greatly decreased over that in sodium chloride or 
sodium chloride-OTT. 	A possible reason for this feature is that urea had promoted the 
breakdown of Intramolecular hydrogen bonds to give expanded polysaccharide molecules. 
This effect Is well-known in proteins (205);  a recent study of the elution behaviour of serum 
(113) 
albumin on "Sephodex G-200M indicated 
(155) 
 that as the concentration of urea in the eluant 
was Increased, the elution volume of the protein monomer" decreased., 
In conclusion, the aggregation of A.campylacontha gum polysaccharide does not 
appear to be caused by protein; the protein aggregates seem to arise through the formation 
of disulphide linkages and hydrogen bonds, possibly to the aggregated polysaccharde. 
Covalent linkages between polysaccharide and protein are unlikely, and O-glycosidic 
linkages to threonine and serine, large amounts of which are present, were not established. 
The stability of the polysaccharide aggregates to solvents which normally rupture electrostatic 
and hydrogen bonds, and the apparent absence of hydrophobic bonds, Indicates some other 
aggregation mechanism to exist. 	However, urea, which is generally accepted to be a 
hydrogen bond-break 
149) 
 has not, In some cass, disaggregated macromolecules where 
hydrogen bonds are prevalent 	; a study of the action of urea showed 	that this solvent 
did not rupture Intramolecular hydrogen bonds Formed between the carboxyl groups of maleic 
acid. 	it is interesting that the extent of aggregation of the Acacia gum exudates Is generally 
dependant on the uronic acid content; A.pycnanthct gum (uronic acid, 5%) did not aggregate 
In solution, whereas A.kieta (uronic acid, 14%) and A.cyariophylla (uronlc acid, 25%) gums 
gave rise to substantial amounts of aggregated material; the gums of Intermediate uronic acid 
content, viz:- A.campylacantha (9%) and A.arabica (10%) contained smaller amounts of 
aggregated material. 
An understanding of the modes of action of sodium borohydrlde and sodium hydroxide 
In the disaggregation of A.campylacantha gum, and In solubilisIng other, water-insoluble 
plant gums, might give some Insight into the nature of the associative forces in operation. 
The present study has shown that aggregation of A.campylacantha gum molecules occurs 
(114) 
soon after the crude gum Is dissolved in water and that the aggregation phenomenon is a 
complex one requiting further characterisation. 	In addition, the need for a revision of 
the methods of purification of plant gum, and the solvents used in physico-chemical 
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RESULTS 
Experiments with Acacia nubica gum showed that two additions of sodium 
hydride and methyl iodide were required to give complete methylation (OMe, 40.3". , ); 
the methoxyl content after I addition was only 16.3. Lithium hydride was less 
effective (OMe after I treatment, 11 .5% ) than sodium hydride. Calcium hydride was 
ineffective when used to replace the sodium hydride, and stable emulsions were 
formed (cf. the effect of barium salts'). 
Potato starch. - A laboratory sample of potato starch (var. Kerr's Pink) was 
methylated exhaustively with (a) the sodium hydride—methyl iodide—methyl suiph-
oxide system, and (b) several additions of the Haworth and the Purdie reagents, 
After niethanolysis, the methyl glycosides of products (a) and (h) were examined by 
g.l.c.; the chromatograms were identical, except that product (a) showed a small peak 
caused by a trace of residual methyl suiph oxide. 
Acacia drepanolobium gum. - This gum polysaccharide contains' D-galactose 
(38%), L-arabinose (52), L-rhamnose (lx), D-glucuronic acid (7), and 4-0- 
methyl-o-glucuronic acid (2%). The gum was methylated by methods (a) and (h), 
as above. After methanolysis of each product, the chromatograms for products (a) 
and (b) were identical, except for the presence in (a) of a trace of methyl suiphoxide. 
Acacia campylacantha gum. This gum polysaccharide contains" D-galactose 
(56%), L-arabinose (28%), L-rhamnoSe (7), D-glucuronic acid (7), and 40-
methyl-D-glucuronic acid (2%). The chromatograms of the methanolysed. fully 
methylated gum obtained by methods (a) and (b) were similar in all respects other 
than that the proportion of 2,3,4-tri-0-methyl-L-rhamnose in product (a) was slightly 
less than in product (b). 
Acacia senegal gum. - This gum polysaccharide contains' D-galactose (39/0 ), 
L-arabinose (28%), L-rhamnose(l4/ 0 ), D-glucuronic acid (17.5), and 4-0-111ethyl-
D-glucuronic acid (1.5%). The gum was methylated by methods (a) and (b), as above. 
When the chromatograms of the methanolysate were compared, the proportion 
of 2,3,4 tri- 0- methyl- L-rham nose in product (a) was only about 33 of that in p 0-
duct (b). The proportion of 2,3-di-0-methyl-D-glucuronic acid also appeared to he 
less in product (a) than in (b). 
DISCUSSION 
Base-catalysed reactions proceed at greatly increased rates in methyl sulphoxide, 
in which the strongly basic methylsuiphinyl carbanion is readily formed 6 ; the methyl 
suiphoxide is a reactant, as well as being the solvent. There is no doubt that the 
sodium hydride—methyl iodide—methyl sulphoxide system is much more strongly 
alkaline in reaction' than a well-conducted Haworth methylatiori. 
Hamilton and Thompson 8 have shown that alkaline hydrolysis of gum arabic 
(Acacia senegal) leads to the loss of residues of L-rhamnose and D-glucuronic acid. 
At least some of the L-rhamnopyranose residues in gum arabic were shown 9 to be 
Carbohyd. Res., 5 (967) 489-491 
Studies on uronic acid materials 
Part XXIII. Possible degradations with the sodium hydride—methyl iodide—
methyl suiphoxide methylation system 
Anderson and Cree 2 have described the potential use of the sodium hydride—
methyl iodide—methyl suiphoxide system for methylating acidic mono- and di-
saccharides, and also for some acidic polysaccharides. The method appeared to offer 
advantages when compared with the classical Haworth and Purdie methods, but it was 
suggested' that the method should be evaluated with a wider range of polysaccharides 
before general conclusions could be reached. 
Following a communication  that the sodium hydride system caused undesir-
able degradation of dextrans with the formation of abnormally high yields of 2,3,4,6-  
tetra- O-methyl-D-glucose, we have now compared the methylation products, obtained 
with sodium hydride, of a potato starch and of three different Acacia gum poly-
saccharides, with their respective methylated products obtained by treatments with 
the Haworth and Purdie reagents. 
EXPERIMENTAL 
Methylations with the sodium hydride—methyl iodide—methyl suiphoxide 
system, and the analyses by paper and gas chromatography, were carried out by the 
procedures and apparatus described previously'. 
Carbohyd. Res., 5 (1967) 489-491 
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(l-4)-linkcd to D-glucuronic acid residues; subsequent structural studies 5 " ° have 
confirmed earlier indications that all of the L-rhamnopyranose residues are present 
as non-reducing end-groups. 
It appears that those Acacia gum exudates (e.g., A. nubica and A. drepanolobium) 
having low i-rhamnosc and low methoxyl contents (and therefore having the majority 
of their D-glucuronic acid residues as non-reducing end-groups) are reasonably stable 
under the conditions described' for methylation by the sodium hydride-methyl 
sulphoxide—methyl iodide system. f n contrast, those Acacia gum polysaccharides hav-
ing significant proportions of 1-rhamnopyranose residues as end groups attached to 
position 4 of t-glucuronic acid residues (e.g., A. senegal) appear to be much less 
stable; loss of 2,3,4-tri-0-methyl-i-rhamnose, and also probably 2,3-di- O-methyl-i-
glucuronic acid, occurs. This may be explained in terms of a fl-elimination at C-4 of 
the glucuronic acid; such an elimination did not occur 2 with A. nubica gum. 
Although our results show that the sodium hydride—methyl suiphoxide methyl-
ation system does offer certain advantages for some polysaccharides, we must repeat 
here the suggestion 2 that its performance should be assessed with care on a wider range 
of polysaccharides. All too frequently, structural studies are based on the product 
from only one methylation system; methylation by more than one method should 
be attempted, so that the results can be compared. 
Department of Chemistry, 	 D. M. W. ANDERSON 
The University, 	 I. C. M. DEA 
West Mains Road, P. A. MAGGS 
Edinburgh, 9 (Great Britain) 	 A. C. MUNRO 
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from A. bidwillii and other species growing in different parts of the world. The resins from 
A. bidw il/li and A. cunningharnii growing at Kew, from A. araucana and A. excelsa growing 
at Edinburgh, and from A. colu,nnaris growing in East Africa have all been found to give 
acidic polysaccharides, which, furthermore, all contain 3-0-methylrhamnose. 
Chromatographic studies indicated that, of the six species investigated, 3-0-methyl-
rhamnose was present in greatest amount (ca. 5%) in the exudate from A. cunningharnii, 
and the experimental evidence detailed below was obtained in studies of the polysaccharide 
isolated from this species. 
The presence of 3-0-methylrhamnose in the exudate from Welwitschia rnirabilis 7 has 
already given useful taxonomic support for the otherwise rather arbitrary classification of 
this species as a gymnosperm. Whether the presence of 3-0-methylrhamnose will prove to 
be a general taxonomic characteristic for all gymnosperms must await the results of further 
studies. 
EXPERIMENTAL 
Origins of Specimens 
Resin from Araucaria columnaris (Forst.) Hook. (syn. A. cookii R.Br. ex. Lindl.) was obtained in October 
1962 from Mr. R. L. Willan, silviculturalist at Lushoto Arboretum, Tanganyika. The resin was collected 
from a tree, 6 yr old, that had been pruned in 1960. Resins from four trees of A. araucana (Molina) K. Koch 
(of which there are 9 synonyms 12) and from A. excelsa(Lam.) R.Br. (syn. A. heterop/tylla (Salisbury) Franco) 
were obtained, by courtesy of the Regius Keeper, from the Royal Botanic Gardens, Edinburgh, in October 
1967 and February 1968 respectively. Resins from single trees of A. cunninghamii D. Don and A. bidw i/li! 
Hook. were obtained in November 1967, from the Royal Botanic Gardens, Kew, by courtesy of the Curator. 
The terpenoid material in the Araucaria exudates was removed by exhaustive extraction with ethanol 
until the ethanol gave no turbidity when poured into water. The residual polysaccharide material was dis-
solved in cold water; the solution was filtered, dialysed, and freeze-dried to give the purified acidic poly -
saccharide. 
Electrophoresis was carried out in 005 M borate buffer solution for 25 hr at a potential gradient of 20 
V/cm. Chromatography was carried out on Whatman No. 1 and 3MM papers in: (a) benzene-butan-l-ol-
pyridine-water (1:5:3:3, upper layer); (b) ethyl acetate-pyridine-water (10:4:3); (c) ethyl acetate-acetic 
acid-formic acid-water (18:3:1:4), (d) butan-l-ol-ethanol-water (4:1:5). 
Polysaccharide samples (ca. 150 mg) were hydrolysed with IN H2SO4  for 75 hr on a boiling water-bath. 
After neutralization (BaCO 3 ) and de-ionization (Amberlite IR-1 20 H I resin), solutions were reduced in volume 
to a syrup which was examined chromatographically insolvents (a) to (d). The hydrolysates of all the Araucaria 
specimens studied showed a fast-moving sugar having Rgo1 =270 (solvent (a)), 262 (b); 43 (c); and R. 
(relative to 2:3:4: 6-tetra-O-methyl-o-glucose) 065 in solvent (d). This component had the same chromato-
graphic mobility in these solvent systems as an authentic sample (kindly supplied by Professor A. M. Stephen, 
University of Cape Town) of 3-0-methylrhamnose that had been obtained from methylated Khaya senegalensis 
gum.' 3 
A similar, large-scale, hydrolysis of the polysaccharide (4g) from A. cunninghamii, followed by separation 
of the fast-moving component by thick-paper chromatography, gave a syrup (109 mg) having []D+ 30° 
(C. 11 (water)) which was not distinguishable from authentic 3-0-methylrhamnose on paper chromatography 
and electrophoresis. The chromatograms gave on spraying a yellow-green colour with p-anisidine hydro-
chloride and a yellow colour with aniline oxalate; this is characteristic 5 of 3-0-methylrhaninose, in contrast 
to its 2-0-methyl analogue. De-O-methylation with hydriodic acid gave rhamnose and methyl iodide, which 
was identified in the vapour-phase by jr. spectroscopy. 14  The syrup was O-deuterated and the N MR spectrum 
was obtained. This showed a singlet, corresponding to three protons, at 6-58 i-; and a doublet, with a coupling 
constant of 6 cycles, corresponding to three protons, at 869-8'78 r. These features indicate the presence of 
one 0-methyl group and a 6-deoxymethyl group. 15 
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SHORT COMMUNICATION 
THE PRESENCE OF 3-O-METHYLRHAMNOSE IN 
ARAUCARIA RESINOUS EXUDATES 
D. M. W. ANDERSON and A. C. MUNRO 
Department of Chemistry, The University, Edinburgh 9 
(Received 22 October 1968) 
Abstract—The comparatively rare sugar 3-0-methylrhamnose has been detected in the polysaccharide com-
ponents of the resinous exudates from five Araucaria species, and it appears to act as a useful chemical 
marker in gymnosperms. 
ANALYTICAL studies of natural products I should be oriented, wherever possible, towards 
obtaining data which may be of value for chemotaxonomic purposes. The identification of 
comparatively rare chemical compounds, which can be used conveniently as characteristic 
taxonomic markers, is particularly important. 
3-0-methyl-L-rhamnose (6-deoxy-3-0-methyl-L-mannose; L-acofriose) 2 is a compara-
tively rare sugar. It occurs in glycosides from the seeds of Aeokantherafriesiorum 2 and 
A. sc/zitnperi; 3 in cardiac glycosides; 4 and in specific glycolipids from Mycobacterium at'iwn. 5 
In polysaccharides, 3-0-methyl-L-rhamnose was first found 6  i small amount in the extractive-
free hemicellulose from the gymnosperm Picea nigra; since then, reports of its natural 
occurrence in polysaccharides appear to have been confined to its presence, as a minor 
component, in gum exudates from the gymnosperms Encepizelartos latefrons Lehm. (f.), 7 
E. longifolius  Lehm. (f.), 8 and Weiwitsehia ,nirabilis Hook. (f.). 7 ' 8 So far as we can ascertain, 
3-O-methylrhaninose has not been reported as a component of the exudate from any Angio-
sperms. 
The characteristic resinous exudates from coniferous woods were formerly believed to be 
terpenoid in character, 10 but it is now known 10 - that the resin from the gymnosperm 
Araucaria bidwillii also contains an acidic polysaccharide. 
The samples of A. bidw il/il resin studied 10,11 were of Australian origin. The genus 
Araucaria contains only 14 species, 12 and to ascertain whether the presence of acidic poly-
saccharides in the resins is a general feature of this genus, we have investigated the exudates 
I D. M. W. ANDERSON and 1. C. M. DEA, Phytochern., in press. 
2 H. MUUR, A. HUNGER and T. RIlcIsTLIN, He/i'. chin,. Ada 37,403 (1954). 
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immediately after freeze-drying. The apparently polydisperse specimen of A. senegal 
QIVJ gum had indeed been isolated about 1 year previously; in contrast, a fresh 
preparation of this gum did not give a peak at V0 when examined immediately after 
freeze-drying. 
The possibility that the component of apparent high molecular weight at V0 
was an artefact, arising either from the purification or freeze-drying stages, or from some 
molecular aggregation process during storage in the freeze-dried form, was therefore 
investigated. Fresh solutions of each of the gums involved were therefore prepared direct 
from the natural exudates: the solutions were filtered and dialysed, but not freeze-dried. 
Although A. pytnantha gum gave an elution pattern identical with that observed previou:Sl 
each of the other eight samples now gave only 1 peak which was, moreover, at the 
same value of Vc, observed for the component of lower molecular weight in the poly-
disperse samples. 
These values of V. on "Sepharose 413" clearly indicated the relative order of 
molecular size found independently in light-scattering measurements, e.g., A. nilotica' 3 , 
M%v  2.27 X 106, Ve  76 ml; A. arabica'6, MW  1.87 X 106, Ve  80 ml: A. nubica'6 , M, 
0.87 X 106, Ve 90 ml; A. seyal5 , M 0.85 X 106, Ve  90 ml; A. laeta'3 , M 
0.72 X 106, Ve  95 ml: A. senegal QNJ, Mw 0.60 X 106, V e  100 ml: A. campylacantha6 
Mw 0.30 X 106,  V 110 ml; A. pycnantha'3 , Mw  0.06 X 106, Ve  120 ml. 
In the ultracentrifuge, each of the fresh gum solutions gave symmetric 
boundaries. In contrast, solutions of the aged, freeze-dried specimens of A. arabica, 
A. nilotica, and A. senegal gums each gave asymmetric boundaries; for A. laeta gum, 
separation into two components was achieved. 
When examined 18  on "Bio-Glas 500", a purified sample of A. arabica gum gave 
a shoulder at V() in addition to the major peak; Citrus limonia gum behaved similarly. 
On "Bio-Gel P300", several freeze-dried Araucaria exudates gave 19 a major peak in the 
useful fractionation range of that gel, but some samples showed a second peak at or 
near V0. 
Genera other than Acacia may also therefore be prone to molecular aggregation 
in purified or freeze-dried forms. Although it is already clear that molecular weight 
determinations and M-S.C. studies of acidic polysaccharides should always be made on 
freshly purified material, the phenomenon of apparent molecular aggregation demands 
further investigation. 
IXPIRIMENTAL 
Molecular-sieve chromatography was carried out on columns (1.5 X 45 cm) of 
"Sepharose 4B" with M sodium chloride as eluant. To prevent "wall effects", the glass 
columns were pretreated with 1% dichlorodime thy lsilane in benzene at 60 0 and then 
packed with the pre-swollen gel. Eluant was allowed to flow for 2 days to remove the 
bacteriostatic agent, sodium azide. The column was calibrated in terms of 1/0 ("Blue 
dextran 2000", component of high molecular weight) and V (sucrose). Polysaccharide 
(10 mg) dissolved in I .5M sodium chloride (1 ml) was applied to the column by 
layering beneath the M sodium chloride. Fractions, collected from a 2-mI syphon by an 
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Molecular-sieve chromatography with "Sepharose 4B"; the detection of artefacts of 
high molecular weight in acidic polysaccharides 
Molecular-sieve chromatography (M-S.C.) with "Biogel P300" and "DEAL-
Sephadex" has been used to estimate the molecular weights of some acidic poly-
saccharides and their degradation products 1-6  and to separate the components of 
polysaccharide mixtures 7 . Unfortunately, several polysaccharides were found" 2,4  to 
have molecular weights higher than the exclusion limits of these cross-linked dextran 
and cross-linked polyacrylamide gels. However, spherical, porous silica beads, porous 
glass beads, and agarose gel beads (e.g.. "Sepharose": Pharmacia, Uppsala) giving useful 
fractionation ranges for much higher molecular weights are now available. We report the 
chromatographic behaviour of nine acidic polysaccharides on "Sepharose 4B" (M, 
fractionation range Ca. 3-30 X 10 5 ). 
Specimens of the gum polysaccharides from Acacia arabica 2 , 
A. carnpvlac-an tim 6 , A. laeta 4 A, nilotica 8 , A. nubica 9 , A. pycnantha °, A. SC?legQ/' 
[samples BB(a) and QNJ], and A. seval' were available; they had been prepared 
from aqueous solutions of the native gum by filtration, dialysis, and freeze-drying, and 
had been stored for different periods of up to 1 year in the essentially neutral, salt 
form, not the free-acid form. 
Of these specimens, all except A. pvcnantha gum gave distinct elution patterns 
involving 2 peaks, the first (corresponding to material of very high molecular weight) 
being at the void volume (V() ) of the column. The relative proportions of the two peaks, 
and the elution volume (Ve)  of the component of lower molecular weight, were 
reproducible for each individual specimen. The gums from A. seyal, A. nubica, and 
A. canzp)'laeantha gave small peaks at V; A. arabica, A. nilotica, and A. senegal gave 
much larger peaks at V0 [tile QNJ sample of A. senegal gum had a higher, relative 
proportion of the peak at V0 than the BB(a) sample, which has" a lower intrinsic 
viscosity]. For A. laeta gum, the major peak in the elution pattern was at h" 0 ; this 
species is known 12 to be unusual in forming mucilaginous gels if solutions are allowed 
to stand for several days. The single peak given by A. pycnantha gum, which has' an 
unusually low M,1 , for an Acacia exudate, was at virtually the same elution volume 
(Vi) as sucrose; "Sepharose 413" is therefore an ineffective molecular sieve for this 
particular species. 
These results appeared to give clear evidence that Acacia polysaccharides may 
be polydisperse' 4 ; recent studies 5 were interpreted on the assumption, based largely on 
the absence of marked discontinuities in experiments involving electrophoresis and 
ion-exchange chromatography, that the polysaccharides were polyrnolecular' 4 . It had, 
however, been noted previously" 12, 15 that Acacia exudates that had been stored for 
periods of up to a year in the freeze-dried form tended either to be insoluble or to 
give much more-viscous solutions than had been given, for the same concentration, 
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automatic collector, were screened by the phenol—sulphuric acid method. Elution 
volumes ('e)  were estimated to the nearest ml from the peak maxima. 
Ultracenrrifugation was carried out (through the courtesy of Professor R. Brown, 
F,R.S.) by Mr. R. Hart, using a Beckman Model E IJitracentrifuge at 20,410 r.p.m. 
Boundaries were detected by using Schlleren optics. 
Chemistry Department, 	 D. M. W. ANDERSON 
The University, 	 I. C. M. DEA 
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botanical divisions of the genus. Previous studies 1, 7 have indicated a large variation 
in the composition of two different Australian samples of A. bidwillii gum. A specimen 
of this gum from a different geographical source has therefore been examined. In 
addition, for each of the species A. araucana, A. cunning/la,nii. and A. heterophylia, 
two specimens from different sources were also obtained for comparison, in an 
attempt to ascertain whether the extent of the variation reported 6. 7 for A. bidwil/ii 
gum is a general feature of the genus Araucaria. 
EXPERIMENTAL 
The sources of the exudates studied are detailed below; the full botanical 
nomenclature involved has been discussed elsewhere' 2 
A. araucana I: from a single tree. Camperdown Park. Dundee (collected April 
1968). A. araucana Ii: from four trees, Royal Botanic Gardens, Edinburgh (collected 
November 1967). A. bidwillii: from a single tree, Kew Gardens, London (collected 
November, 1967). A. coluinnaris: from a single tree, Lushoto Arboretum, Tanganyika 
(collected October. 1962). A. cunning/lain/i I: from a single tree, Kew Gardens, 
London (collected November, 1967). A. cunni,q1iai,iii El: from a single tree, Longuza, 
Tanganyika (collected March, 1968). A. lieterophylla I: from a single tree, Royal 
Botanic Gardens, Edinburgh (collected February, 1968). A. lieterophylla El: from a 
single tree, Tanga, Tanganyika (collected March, 1968). 
Extraction and purification of polysaccharides. - Each of the exudates was 
extracted with cold ethanol (6 x 2-litre portions for A. araucana ii and A. coluinnaris; 
6 x 800-ml portions for the other samples). The residual material was dried, extracted 
with cold water (to give a Ca. 2% solution), filtered, dialysed for 48 h, and freeze-
dried; in each case, a small propDrtion of water-insoluble material remained, and 
it was extracted with I% aqueous sodium borohydride' 3  for 24 h. The borohydride 
extracts were dialysed and freeze-dried; generally, this fraction contained ca. 1% of 
the total material extracted. For A. araucana, however, the borohydride fraction 
contained Ca. 5% of the total, extractable material; this fraction (denoted A. arau-
cana Ill) obtained from A. araucana sample 11 was studied in addition to the water-
soluble polysaccharides. After isolation, several of the polysaccharides gave cloudy, 
aqueous solutions which could not be clarified by filtration or centrifugation, probably 
because trace amounts of resin remained from the ethanol extractions; such solutions 
were clarified by passage through "Millipore" filters (pore-size 1.2 pm). 
Moisture contents were assessed by drying samples to constant weight at 105. 
Nitrogen determinations were carried out by a semi-micro Kjeldalil method. Viscosity 
measurements were made at 25.0° in suspended-level, Ubbelohde, dilution visco-
meters with polysaccharide concentrations of 4-2% (sequential dilutions) in M 
sodium chloride. Ultracentrifugation (Beckman "Spinco" Model E ultracentrifuge) 
was carried out at 44.770 r.p.m. with 0.5% solutions in 0.5m sodium chloride; 
photographs were taken every 16 mm. 
Weight-average molecular weights i)  were determined at 25° and 516 nm 
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ABSTRACT 
Analytical data are presented for the gum polysaccharides isolated from the 
resinous exudates from five Araucaria species; for three of these, two specimens 
from different geographical locations have been studied. The data are compared 
with those available for the only Araucaria species examined previously. The results 
indicate that the analytical differences between species of this Gymnosperm genus are 
not so great as are known to occur in genera of the Angiospermae. 
INTRODUCTION 
Chemical studies and comparisons of plant gums have tended, in the past, 
to reflect an academic interest; their infrequent application in other sciences has 
indicated that such studies should preferably be conducted and reported on a broader 
basis. 
Chemical comparisons and classifications of plant gums have been 	• 
on the basis of their oligosaccharide structural units, and general types of gum 
structure have been compared with the botanical classification of the parent plant at 
the level of Order and Family'. This paper presents an analytical comparison of 
some gum polysaccharides from the genus Araucaria in relation to its botanical 
divisions; certain correlations on such a basis have recently been proposed' for 
Acacia gum exudates. 
The genus Araucaria (Family, Araucariaceae; Class, Coniferales; Sub-division, 
Gymnospermae) contains fourteen species'. The polysaccharide found in the resinous 
exudate from Araucaria hidwi/Iii has received detailed attention6 7;  the presence of 
a polysaccharide in this exudate was first noted by Birch. The presence of a gum 
polysaccharide in the resin from A. angustijolia9' 10  and in a water-soluble fraction 
of A. araucana resin' 1  have also been observed. The terpenoid material in Araucaria 
resins has received little attention. 
The taxonomy of the Araucaria genus is shown in Fig. 1; the genus is divided 
into three sections on the basis' of the morphological characters of the species 
(Fig. 2). The exudates from five Araucaria species, representative of its Colymbea 
and Eutacta Sections, have been studied and compared in terms of the accepted 
Carbohyd. Res., 11 (1969) 43-51 
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COLYMBEA Endlicher. 
A. anguslifolia (Bertoloni) 0. Kuntze (syn. A. brasiliensis A. Richard; Parana Pine; Candelabra 
Tree). 
A. araucana (Molina) K. Koch (syn. A. imbricata Pavon; Chile Pine; Monkey Puzzle). 
A. bidu'illii Hooker (Bunya-bunya). 
INTERMEDIA C.T. White. 
A. klinkii Lauterbach. 
EUTACTA Endlicher. 
A. balansae Brongniart and Grisebach (syn. A. elegans Hort.) 
A. beccarii Warburg [syn. A. cunningham!! Becarrii (non D. Don); A. cunningham/i var. 
papuana Laut.] 
A. bernieri Buchholz. 
A. biramulata Buchholz. 
A. columnaris (Forster) Hooker (syn. A. cook/i R. Brown ex Lindley). 
A. cunningha,nii D. Don (Hoop Pine, Moreton Bay Pine). 
A. heterophylla (Salisbury) Franco (syn. A. excelsa (Lambert) R. Brown; Norfolk Island 
Pine). 
A. humbo/drensis Buchholz. 
A. muelleri Brongniart and Grisebach. 
A. rulel Ferdinand von Mueller (syn. A. niepratshki Baumann ex Pynaert; A. van gaertii 
Hort. ex Dallimore). 
Fig. 2. Botanical division of the genus Araucania Jussieu 5 . 
with a "SOFICA" Photogoniodiffusometer. The average of three determinations 
was taken for solutions (0.2, 0.15, and 0.1% in M sodium chloride) clarified by 
passage through "Millipore" filters of pore-sizes 0.45 and 0.22 pm. 
Molecular-sieve chromatography was carried out on a "Biogel P300" column 
(47 x 5 cm) precalibrated with dextran fractions' 4 of known M. Polysaccharides 
(15 mg in I ml of 2m sodium chloride) were applied carefully at the top of the column; 
elution was with M sodium chloride. Fractions (2.1 ml) were collected, and examined 
by the phenol-sulphuric acid method' . The values reported for M correspond 
to the apex of the main peak. Several of the polysaccharides showed a second, 
smaller peak at or near the void volume of the column; this value is reported as 
"M 1 (second peak)". Because of the method of calibration used, the values obtained 
for M cannot be taken as absolute values. 
Uronic acid contents, assessed as "hexuronic anhydride", were determined 
by acid decarboxylation and an infrared technique' 
Chromatography was carried out on Whatman Nos. 1 and 3MM papers, in 
the following solvent systems: (a) benzene-butyl alcohol-pyridine-water (1:5:3:3, 
upper layer); (b) ethyl acetate-pyridine-water (10:4:3); (c) acetic acid-ethyl acetate-
formic acid-water (3:18:1:4); (d) butyl alcohol-ethanol-0. I M phosphoric acid 
(1:10:5); (e) butyl alcohol-ethanol-O.lM hydrochloric acid (1:10:5). Systems (d) and 
(e) were developed from a thin-layer technique' 8  for the separation of uronic acids: 
Whatman No. I papers which had been pretreated with 0.3m sodium dihydrogen 
phosphate and then air-dried were used, and good separations of glucuronic acid 
from galacturonic acid were obtained. 
Chromatograms were developed by spraying with a saturated solution of 
aniline hydrogen oxalate (ethanol-water, 1:1), and then heating for Ca. 5 min at 120°. 
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Fig. 1. Taxonomy of the genus Araucaria5 (the taxonomy of the Encephalarios and Welwitschia genera is included for comparison). 
TABLE I 
ANALYTICAL DATA FOR SPECIES IN Colymbea AND Eutacta SECTIONS OF THE GENUS Araucaria 






Ethanol fraction 81 71 - 18 - 41 74 80 67 82 
Water fraction 19 24 82 - - 59 25 20 33 18 
Borohydride fraction n.d.' 5 - I - - <1 1 n.d. <I n.d. 
Moisture (%) 5.8 7.6 10.7 5.4 - - 10.2 6.8 5.1 6.1 4.7 
Specific rotationa.b (degrees) -1.9 -0.7 +11.0 -1.7 +11 -9.5 - 6.8 -1.0 -8.8 -6.3 -4.8 
Nitrogen (%) 0.81 0.91 2.50 0.74 - - 0.28 0.52 0.30 0.48 0.69 
Protein (%N x  6.25) 5.1 5.9 16.0 4.7 - - 1.8 3.3 1.9 3.1 4.4 
Intrinsic viscositya (cma/g) 16.8 15.1 24.6 12.6 - - 10.5 16.5 9.8 11.4 13.0 
Mx103a 800 300 1,100 185 - - 145 150 173 120 190 
iivf, X 103 C 300 49 49 60 - - 58 57 60 76 60 
X 10 (2nd peak)c - 300 300 Ca. 130 - - - - 	Ca. 120 - Ca. 120 
Ultracentrifuge (boundary shape)d AS AS AS AS - AS S S AS S AS 
Electrophoresis (no. components)e 2 2 2 It - I I It It It It 
Formic acid releaseda.b (mmoles/g) 3.85 3.95 2.20 3.80 4.059 - 4.05 3.85 4.45 4.95 4.55 
Periodate reducedab  (mmoles/g) 8.80 9.18 8.53 8.10 9.03 9 - 8.65 8.08 9.10 10.50 9.45 
Uronicanhydridea.b(%) I  10 10 12 10 18 10 10 10 tO 11 
Galactose (%) 66 67 49 62 729 599 69 64 65 63 60 
Arabinose (%) 14 14 33 16 139 15 13 13 13 17 20 
Xylose (%) 1 1 1 2 - trace 1 1 I 2 2 
Rhamnose (%) 6 7 7 8 59 89  7 5 5 8 7 
3-O-M ethyl rhamnose 2h 1' trace trace - - trace 7h 6h trace trace 
aCorrecterj for moisture. bCorrected for protein. CAverage molecular weight by molecular-sieve chromatography with reference to dextran samples of 
defined X1,  dAS, asymmetric; S, symmetric. q,  tailing. m.d. = not done. 9Value converted from that reported in the literature. 5Approximate value, 
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Thin-layer electrophoresis was carried out on "Millipore Phoroslides" in 
0.05m ammonium carbonate and 0.05m borate buffers. Polysaccharide solutions 
(0.5-1.0% in buffer) were applied as a thin band 2 cm from the cathode-end of the 
strip. Electrophoresis was carried out for 10 min in a "Phoroslide" cell, in conjunction 
with a Shandon "VOKAM" power unit (model 2541), at a potential gradient of 
50 volts along the strip. The polysaccharide bands were located by a modification of 
the periodate-rosani line hydrochloride technique' . 
Hydrolyses were effected by heating the polysaccharide (150 mg) with N or 2N 
sulphuric acid (40 ml) for 7.5 h on a boiling water-bath. The solutions were cooled, 
neutralised (BaCO 3), deionised (Amberlite IR-120 resin, H form) and concentrated 
to syrups. The 2N acid hydrolysates were examined for uronic acids in solvents (c), 
(d), and (e); the N acid hydrolysates were examined for neutral sugars in solvents (a), 
(b), and (c), and for aldobiouronic acids in solvent (c). All of the polysaccharides 
studied showed chromatographic evidence for galactose, arabinose, rhamnose, small 
proportions of xylose and 3-0-methylrhamnose, and the acidic disaccharides 6-0-
(fl-o-glucopyranosyluronic acid)-D-galactose and 6- 0-(4- 0-methyl-/3-D-glucopyrano-
syluronic acid)-D-galactose. Glucuronic acid and its 4-0-methyl analogue were the 
only uronic acids found. 
Periodate oxidations of solutions of the polysaccharides (1.5% in 0.25m sodium 
metaperiodate) were carried out in darkness at room temperature. The formic acid 
released was estimated by titrating aliquots at intervals with 0.0IN sodium hydroxide; 
the reduction of periodate was estimated after 96 h by back-titration with standard 
sodium arsenite 20 
The analytical data obtained are recorded in Table 1. 
DISCUSSION 
There have been few studies of gymnosperm exudates, undoubtedly due to 
the relatively small number of taxa comprising the Gymnospermae. The exudates from 
Encephalartos longifolius2 , E. Iatefrons2 2  and We!witschia ,nirabilis 22 (see Fig. 1) 
have shown a high degree of complexity, and all contain 3-0-methylrhamnose as a 
component. The presence of this sugar in A. bidwiliii gum was not previously noted" '. 
This study indicates that 3-0-methylrhamnose is a component of all gymnosperm 
gums examined to date; since this comparatively rare sugar has not been found in 
any of the gums from Angiosperms examined so far, it may be a useful taxonomic 
marker' 2 
The gum exudates from different species of Angiospermae genera, e.g., 
Acacia4 23 A!bi_-ia24' 25  and Prunus2' 26.27  frequently vary quite widely in terms of 
composition and molecular properties. The Araucaria specied studied here are, in 
comparison, much more closely alike in terms of their analytical parameters. It is 
particularly interesting that the specimens of A. heterophylla from Edinburgh and 
from Tanganyika should be so closely alike; the same holds for the specimens of 
A. cunningharnii from Kew and from Tanganyika. The main exception to this concerns 
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gum would not be expected to be revealed by the techniques used here. The thin-
layer electrophoresis experiments indicate that A. araucana gum contains two acicli 
components; all other gums showed one component. This basic differentiation 
A. araucana gum from the others studied is difficult to explain, although the oth 
spxies examined, with the exception of A. co/umnaris, showed a slight tendency 
"tailing". This phenomenon, under the conditions used by us, has not been observed 
for Acacia or Prunus gums, and, although possibly an experimental artefact, the 
tailing could be due to a second, incompletely resolved, minor component. 
From a chemotaxonomic point of view, there are no apparent, large differences 
between the species in the Colymbea and Eutacta sections of the genus Araucaria, 
although the Colynthea species show slightly higher specific rotations and protein 
content, and a smaller release of formic acid on periodate oxidation. Further studies 
directed to discovering the nature of any fine structural differences involved are in 
progress. 
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the composition reported'- 7  for the two Australian specimens of A. bidwillii gum. 
Paleo-botanical studies indicate 28 that the Araucaria genus is much older in origin 
than Angiosperm genera, and there is histological evidence 29 that it may be in an 
evolutionary decline. This may account for the small size of the genus, and it may be 
expected that the surviving species are similar, the more extreme members having 
become extinct. 
The low intrinsic viscosity of the polysaccharides in comparison to M, indi-
cates that the molecules are likely to be globular, rather than rod-shaped 30 . The 
relatively high ratios of M. to M indicate a broad range of molecular weight. This 
is supported by molecular-sieve chromatography, where broad elution peaks were 
obtained, and several of the samples studied showed small peaks at or near the void 
volume of the column (denoted "M second peak in Table I). Such samples showed 
slightly asymmetric boundaries on ultracentrifugation, and this second component 
of higher molecular-weight may be responsible for the higher M, values obtained. 
Although this evidence tends to indicate the presence of two polysaccharide compo-
nents, this feature was not shown by the specimens from A. columnaris, A. cunning-
ha,nii I, and A. /ieierophv!Ia I (see Table 1). Elution patterns involving 2 peaks have 
been given 3 ' by column chomatography of freeze-dried, purified Acacia gums on 
"Sepharose 413"; these Acacia gums are considered to be homogeneous 14 ' 32 , and 
it is significant that the component of apparently higher molecular-weight was not 
found" when the gums concerned were examined before freeze-drying. The possible 
occurrence of a form of molecular aggregation during the purification and freeze-
diying processes cannot therefore be overlooked. It is of interest, however, that, 
for A. bilu'illii, A. cunning/iatnii LI, and A. heterophylla II gums, the higher molecular-
weight peak occurred within the molecular-sieving range of the column. 
The borohydride-soluhilised material, A. araucana III, differs from A. araucana 
1 [in several respects. The large difference in molecular weight observed is in agreement 
with the effect observed 1'  previously for Acacia drepanolobium gum. The other 
main differences between A. araucana II and A. araucana Ill, involving the arabinose 
and protein contents, may have arisen from borohydride extraction of the bark 
and other debris present in the water-insoluble material. 
Calculations of the ratios of neutral sugars assumed that the uronic acid residues 
were attached solely to galactose, since chromatography of the N acid hydrolysates 
in solvent (c) showed components having the same mobility as reference specimens 
of the aldobiouronic acids 6- O-(/J-D-glucopyranosyluronic acid)-D-galactose, and 
6- O-(4- O-methyl-fl-n-glucopyranosyluronic acid)-D-galactose; these acids have been 
characterised in A. hidu'iilui gum 6 , and, as evidence for other aldobiouronic acids 
was not found, this assumption was presumed to be valid. The possibility that 
xylose arises as an artefact of hydrolysis and subsequent neutralisation can be 
discounted; a mixture (in the proportions found) of galactose, arabinose, rhamnose, 
glucuronic acid, and 4-0-methylglucuronic acid was subjected to the conditions of 
hydrolysis used, and no xylose resulted. 
The extent and nature of the heterogeneity previously found'- 7  for A. bidu'illii 
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